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Introduction. 


T am to tlic* authorities of the CaleuHa. TTiijversity 

for the- invitation to deliver a rourse of lectures on “’llivers 
of the .71eii^»-al Delta”. In any etmiitry rivers play an 
important part in Ihe health and et'onomi** well-beiiip* of tlie 
people. Tliey art* of vital importanee in a deltaic* country 
which the* rivei-s luive ctreated. Specially in llen”al, c»f 
wliieh thii major pc»rtion is deltaic, having- reg-ard to the 
stM’iousru^ss aiul ^*olnpIcxitic^s of the* river j)rol)lenis which, as 
1 shall try to ex])lain in the t^ourse of my Icu-tures, have 
arisen partly due to (‘hangers in the; c*ourst? oT some* of the* 
major rivers aiiel jiartly due* to human in <e*ifere*ne*e Avitli the* 
natural ])r(M-e*ss in the hnildirig: up e>f tlie de^Jta, river coiiser- 
vaiicy siiould he* given the* firs! plae*e? in any j>rog*ramme of 
rural de^volf>j)ment . T< is my e*onside*red opinion that unless 
these predilems earn he* sat isfae*te>rily solve*el— 1 shall try to 
inelic.ato the bioad lines eif sedutiems in the eemrse^ e)f my 
lectures — large* traeds, specially in tlie Western, Central and 
Xen*tbeu*n Ileiigal, wbc're they are alrt*udy rather aeuites, will 
cease? t<» be ba]>ilable in I be not very remote future. I am not 
alone* in bolding this view as tlie* Irrigation De?partment 
Committee? consisting- of independent expe*rts from otbe'r 
provine*t*s, w]iie*Ii was a])poiiit(*d by tlie* .U(-*ngal (iovc?rnmenl 
in to consi<le?r llic* (question of reorganization of the? 

de*partin<*nt , also re?e*orded similar opinion and stated that 
these* areas will probably ”reve?rt to swamps and jungles” 
frmn \vlii<‘b they were originally re?e*laimed by the rivers. 
It, therefore, bebovers eve*ry one of us to tliiuk about tlii*se 
river problems and their sedutions, so vitally affecting the 
very existenc’C of large tract of lien gal as a fit plae*e tor 
liiinian habilatioiis and try to educate public opinion as 
witliemt lb** c;o-o]>eratioii of the public*, it is not possible to 
proi*t?ed ve*ry far. For this pur])ose I c*ould tliink of no 1 ) 6*1 te*!* 
audie?nce* than what I have to-day .as yon, who represe*nt the 
intelligentsia of Jleiigal, can be* expected to take a long vie?w 
of the future good e»f tli<? country instead of merely the* 
inimediatt? ])Tesent, and e*an, I hope, bedp in e*re?ating' an 
enlightened public opinion in favour of t)ur preiposals even 
though some of them are* found to aff*ec‘.| se>ine of the vestc*d 
intei*c?sts for the time being. 

2 . Having re^gard tei the object which 1 have in view, I 
do not propose to deal with the liistorie*al aspect of these 
rivers nor with their de»scription , except so far as it may be 
nect?ssary to explain the river probh?ms that have arisen. 
I would rather utilize^ the time at my disposal in 6?xplaiiiing 
these problems and indicating, in broad outlines, their 
solutions. In the first and second lectures I propose to deal 
with the inter-provincial aspects of these problems — how they 
affect the river conservancy in general with special reference 
to Bengal conditions and how they can only he tackled by 



an inter-provincial organization. In the thirds fourth, fifth 
and sixth lectures I propose to deal with the rivers in 
Bengal — the services which they have rendered and wdiich in 
natural economy they should continue to render, viz., 
creating the land, draining and fertilizing it and transporting 
the country’s produce, the obstacles in the continuance of 
these services and how they could be removed. This portion 
of my lecture is naturally based on my paper *^River 
Proldcms in Bengal” wdiich I read at the Jubilee Session of 
the Sc)<!nce Congress, but amplified and amended in the 
light of experience gained and further information that I 
could collect since then. 



RIVERS OF THE BENGAL DELTA. 


lnter>provincial aspect of the river problems. 

3. I propose to speak to jrou this eyeuing on the river 
conservancy in f^cneraj, spccjally emphasizing the inter- mature, 
provincial aspect of the problem — ^liovv rivers maintain 
themselves in nature and liow human interferences in their 
domain are creating problems which are adversely affecting 
the servitres rendered by them and which have to be solv'ed 
if they are to ( ontinuc to serve the needs of man. Kivers 
are sustained by rainfall within their catchment basins. The 
distribution of rainfall during the year is not, however, 
uniform. Spt;cially, in the tropical countries not only most 
of the precipitation occurs during the three or four monsoon 
months, but even during this period its distribution is erratic, 
heavy downpour often following days of dry weather; while 
during the rest of the year very little rainf{ill can normally 
bo expected. It will, therefore, be seen tliat if all the 
precipitation were to flow as surface ruii-oft\ we would have 
disastrous floods following heavy rainfall and no flow during 
the dry season fo sustain animal and plant life. Here nature 
comes to the rescue and by absorbing a considerable portion 
of the precipitation and storing in the subsoil to be released 
gradually by percolaiion throughout the year, she 
coiupeusaies for the erratic distribution of rainfall and not 
only redu((‘s the intensity of floods but maintains the dry 
weather flow so necessary to serve the needs of man. The 
extent of this compensating action depends on the nature and 
condition of the calchinent. In flat catchment like lleiigal 
by far the major XHirtion of the precipitation is absorbed and 
stored by the subsoil : while in steep hilly catchment, which 
contributes the major portion of the river flow as the rainfall 
is much heavier th(»re, the surface run-off* would have been 
much more and the subsoil storage less but for another 
compensating action provided by nature. If left to nature 
the hilly catchment usually remains covered witli thick 
growth of vegetation which retards run-off', thus reducing 
the intensity of floods, and increases the subsoil storage 
giving us more dry weather flow. As the capacity of a river 
to serve the needs of man depends not so much on the 
monsoon flow, which often causes destructive floods, but 
rather on the flow which it can maintain throughout the 
year, it is this invisible percolation flow from subsoil storage 
all over the catchment basin, -specially the hilly catchment, 
which is really the more important factor and 'must not be 
allowed to diminish if the river has to continue to render 
such services efficiently. 

4. Owing to the pressure of population and to serve the Extensive de. 
needs of advancing civilization this natural condition, fo^^tation 
however, can no longer be maintained. Extensive deforesta- the 

tion is going on; more and more of the river domains are 
being gradually encroached upon. Larger and larger areas weatorflow. 
are being opened up to find room for the growing population 
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and cultivation, extensive forest-elad hill slopes are bein^ 
laid bare rapidly and often indiseriniiiiately to meet the 
netids of modern" civilization and even the undergrowth is 
being destroyed due to ex<essive grazing by the growing 
eattle ]>npulation. As a eonse([neiice more and more of the 
precipitation is now flowing as surface run-off into these rivers 
thus increasing the intensity of floods and reducing the. 
suhscnl storage, which in its torn is reducing the dry weather 
flow so necessary to serve the nei*ds of man for irrigation, 
navigation, domestic supply, etc. 

0. Specially, in the deltaic area like Jleiigal this 
reduction in the dry w(*athcr flow is a matter of serious 
concern as, apart from its adva‘rse effect on navigation, it is 
causing rapid deteriorati<»n (»f tiu? tiflal cliannels. It may 
he mentioned here that tides in liengal carry a larges quantity 
of silt. Sour<*e of this silt is no doubt what has been carried 
by the ii])land flood earriers from their (catchment basins; a 
portion is deposited on their spill areas, where available, 
whi(di are being gra<lnally raised, a ])ortion gets consolidated 
at tlieir mouths which gradually extern the delta and the 
rest remains in an unconsolidated state and is dispersed by 
the strong tidal current along the delta fae(‘. Tides, while 
travelling up tlie large number of tidal cliannels, pick up 
this silt almost to the saturation point, i.e., to the extent 
that the lidal vehxdiy during flow lide, which is usually 
very high, can Iransport. Indited in addition 1o the upland 
flood earriers nature is als(» employing tin’s tidal agen(‘y for 
the purpose* of raising tin? lower portion of the delta and 
where spill ar(‘as are available for free spill, while this 
beneficial a(rt of raising of the land by silt deposit is proceed- 
ing, the silt-free wafer flowing back fo the cliannels during 
ebb tide and by scouring the sili deposited in their beds 
during flow tide, is maintaining them in efficient (‘onditiou. 
In the ease of most of the tidal channels in Bengal, however, 
the spill area has either been raised sufficiently iiigh and 
spilling is no longer possible or, as is generally the case, 
owing to pressure of population, it has been prematurely 
reclaimed by means of marginal omharikments and is no 
longer available for .spill. In consequence the silt, which in 
the economy of nature should have raised the low land, is 
being de])osited in the bed of these ebannels which are in 
consequence deteriorating rapidly, affecting seriously the 
drainagi^ and navigation. Drainage of local rainfall no 
doubt hel])s to a certain extent in scouring out the silt 
dep(»sited in those channels, hut as this is available only 
during the monsoon months, copious sui)ply of dry weather 
flow is essential for file preservation of these tidal channels 
on which depend the health and prosperity of large areas of 
deltaic Bengal. Another serious c.oiisequence of tlie reduction 
of the dry weather flow is that the salt water limit is extending 
further and further up the delta. 

0. To revert to the question as to how the rivers 
maintain themselves it is necessary to refer to the all- 
important factor, viz., the silt which gives rise to most of our 
river problems. Even if left to nature, rivers must carry 
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certain portion of silt during floods, being picked up along 
with the surface run-oif from their catchment basins. Indeed, 
in the economy of nature it is necessary as without tliis silt 
neither could the delta be formed and raised iior the land 
fertilized by natural manure. If left to nature, rivers 
coming down the hill slopes and flowing through noii-deltai<‘ 
region have usually got sufliciont gradient and velocity to 
be able to transport the nonrial silt charge; while flowing 
through the deltaic region with flatter gradient and veloiuty 
usually not .sufficient to carry the silt burden, it is in the 
economy of nature that the rivers should spill over their 
banks during floorls and after depositing a portion of the 
silt burden thereon, the silt-free spilled water should flow 
down these channels during the subsiding stages of the floods 
and maintain them in efficient condition. Spill area no 
douhl rises gradually, but along with it the river bed and 
the flood level also rise and the relative position is not 
maierially altered ex<*ept at long intervals — perha]>s 
(enluries — when the river unable to spill, hursts through the 
high banks and diverts her course to perform similar delta- 
building function in the contiguous lower areas and so on. 

T. As a result <d extensive deforestation and other 
factors causing intensive soil denudation in their (catchment 
basins referred to above the silt charge of most of the rivers 
is, however, rayiidly on the increase and even in non-deltaic 
regioji many of tin* rivers are unable to carry their 
increased silt burden which is choking their beds and raising 
their flood levels; while in the deltaic, region navigation, 
even in the (laiiges and the Jaimina, is becoming more and 
more diflicult owing <o the formation of extensive slioals; and 
the spill channels are rapidly deteriorating — many of them 
severing their connection with the parent stream soon after 
the flood season owing to the formation of high shoals at 
their ofF-takes and thus being deprived of the diy weather 
flow wu’th serious consequence to the countryside which they 
traverse. 

8. The problems I have discussed above are not confined 
to India, but they are really world problems and in view of 
their seriousness T ((note the following from Lord Hailey's 
Survey of Africa (An African Survey by I.ord Hailey, 
Oxford TJuiversity Press, 1938): — 

“Surface run-oft' increa.ses where vegetable cover is 
reduced, since obstacles no longer impede the flow of water, 
and the soil is no longer kcqit open and porous by the roots 
of trees and plants. By far the most efficient typti of 
vegetable cover is deep-rooted natural forest, where Vun-off 
is often negligible, (ifrass, while less efficient than forest, 
is still much less wasteful than the majority of annual crops, 
for the run-off may be considerable when th(^ land is left 
bare and trampled after harvest. Unless preventive measures 
are taken, a higher rate of surface run-off normally 
accompanies an increase in cultivation, and there can be 
no doubt that in Africa a bigger proportion of the rainfall is 
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reachingr the sea unutilized than was the ease a century ago. 
To this extent, therefore, the severity of the drougrhts from 
which Africa so often suffers has been increased by man. 

Spring’s and wells are fed by reserves of water stored in 
the subsoil or rock underground. If these reserves dwindle, 
Uieu wells dry up, springs are reduced to a trickle, and rivers 
that once flowed strongly all the year round fail altogether 
during dry periods and run only during and immediately 
after periods ot rain. The more water lost as run-off, the less 
is available for underground storage; one of the most serious 
effects of inereascjd surface run-off, therefore, is a fall in 
the level of the ground water-table. Such falls have been 
observed, and to some extcmi measured, in many parts of the 
Ignited States; in Africa the same phenomena of falling 
watc*r-tables and dwindling rivers^ exist, although accurate 
measurements appear to be lacking. Examples of rivers 
which flowed all the year round twenty or thirty, or even ten 
yeaj*s ago, and now r*onsist of a chain of waterholes in dry 
weather and a muddy torrent in wet, have been quoted from 
almost all African territories. Apart from the Saharan 
€*xamples, the cause of which is a subject of some contention, 
there are many others. T)r. Robert Eaws has listed twenty 
large streams that have ceased to flow in the Mombera district 
of Nyasaland since he first took up his residence there, nearly 
fifty years ago. The level of lakes in Uganda is steadily 
falling, especially Rakes George, Edward, and Kioga, and 
ill Kenya many once perennial streams have now become 
season al. 

A corollary to the dwindling of rivers and streams during 
dry seasons is the increase of flooding in wet seasons. Storm 
waters, no longer checked by forest and bush, flow down 
gullies and hilJ-sides into the river-beds; and streams, 
suddenly swollen, become converted from feeble trickles into 
rushing torrents heavily charged with silt. It is now^ an 
accepted tliesis tliat such flooding is greatly augmented and 
in some cases caused by deforestation of the watershed. In 
Erance, for examplc\ the correlation between floods and 
deforestation has been demonstrated in the Savoy region. 
Between .1738 and 1912, 21 per cent, of the forests of this 
region were destroyed ; and Avhereas during the eighteenth 
«*entury only eight floods oc.-tcurred in the area affected, in the 
nineteenth century the? number of floods rose to thirty-eight. 
It is at the time of such flooding that irreparable damage is 
done by the removal of soil in the form of silt. Evidence 
from many parts of Africa points to the fact that within the 
last twenty or thirty years sucli sudden floods, which often 
subside as quickly as th<?y arise, have become more numerous 
a 11 d in ore extrem c; . ’ ^ 

Referring to India Lord Hailey says; ‘^Erosion in India 
is most serious in the foothills of its mountain ranges, where 
gullies and floods devastate large areas ; but over and above 
this, great losses are being incurred by misuse of grasslands. 
They are lands which can maintain themselves only under 
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conditions of reasonable treatment ; persistent over-grazing* 
has so impoyorislied them that in many cases the village 
herds are driven to treat the bush growth as a reserve, with 
grave consequences in surface erosion. The measures taken 
by the Indian Government have by no means been as energetic 
as circumstances required. It maintains the great forest 
reserves, mostly in the hills, which are the chief protection 
for the flow of the rivers, and consequcntlj’^ for the Indian 
irrigation system ; but some large forest areas have been 
allowed to go back into village hands with the worst results. 
In some areas efforts are being made to reduce overstock ing 
by directing attention to the improvement in the quality of 
cattle; large cattle-farms have been started, and tlie castra- 
tion of bulls has made c^onsiderable progress on a voluntary 
basis ; but in other resyiects the devolution of authority to 
local governments, and by tbem to local self-governing 
bodies, lias left the country without any effective moans of 
meeting a problem which is essentially one that requires a 
co-ordinated attack. I*erhaps the one measure which affords 
a useful precedent for Africa is the Act passed in 1002 to 
enable the clios or gully erosion areas in the Hoshiarpur 
district of the Punjab to be closed periodically to grazing, 
with a vieAV to allow for the re-seeding of natural grasses.’’ 

Seriousness of the problem in America can be judged from 
the following extracts from the^ Report of tlie Mississippi 
Valley Committee of the Public Works Administration, 
October 1, 1984: — 

‘‘Erosion control : It is only in comparatively recent 
years iliat the menace of soil erosion in the Mississippi 
Valley has been generally realized. Yet a large portion of 
the agricultural land in the basin has lost from 3 to 6 inches 
of lop soil, and ‘no less than 25 per cent, of tlie tilhsd lands 
have actually been sirijiped to the subsoil.’ About 5 per rent, 
has reached the gullying stage, and have been permanently 
ruined for agricultural use. Eour hundred million dollars 
a year is a conservative estimate of the tangible loss in the 
United States. 

Erosion is insidious : The first stage is sheet erosion, 
often so imperceptible that the effect can be detected only 
by changes in the colour of the soil or by an otherwise 
inexplicable lowering of productivity. Next comes ‘shoe- 
string erosion’, and finally gully erosion like the last stage 
in an incurable disease. In the arid regions, and in seasons 
of drought in the normally humid areas, the wind may be 
an eroding agent: Witness the clouds of dust which were 
r;arried last spring from the Mississippi Valley over eastern 
seaboard cities. The very land is dying. Measured by man’s 
brief generations it is losing for ever its ability to produce 
food. 

Meanwhile living standards on the afflicted land have 
dropped, farm tenance, tax delinquencies, bankrui>tcies and 
land abandonments have increased, and once smiling regions 
become a desolate testimonial to man’s folly. 
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Prog^ress in ernsion control may be measured by the 
18,000,1)00 acres of farm lands terraced between 1915 and 
19^12, and by the larg-e number of farmers who have been 
induced to use such measures of soil protection as improved 
tillag^e, crop rotation, and strip-cropping. But it has become 
apparent that soil ])rotection cannot be left solely to education 
and self-interest. A national policy and programme is 
impe^r^ltive. 

Public agencies should not be expected to do all the worh, 
but unless iliey ijilervtuie it is apparent that the work will 
not be done, or will not b(‘ done in time. Because the 
emergency is nulional the National (iovornment must take 
the lead. 

'J’he cost <if ]j!‘ole(‘tion against erosion is but a iniiLuie 
fraction of (he cost of (Tosion. A twenty-year Federal 
prograiuine, calling for joint action with States, counties, 
land di.stii<*ls, and individual (»wners, would cost the National 
(rovermneni ii?2(),()00,00() a year — 5 ])er cent, of the measure- 
able annual loss fnmi (U-osion at the present rate.” 

9. As prevention is beU<»r than cure, it will be apparent 
finni file above that in the progj’ainiue for river conservancy 
the first place should be given to the necessity for tlie control 
of tlM' catcliDM'nt basins. The <»ld liaissez-faire policy, which 
might have been sufficient when the country was thinly 
populated and the nc^eds of man were fewer, will no longer 
do, but we have to take the necessary ])recaui ionary measures 
necessitaitMl by tlie pressure of population and the advance- 
ment of civilizaiion if these rivers are to continue to serve the 
needs of man — an essential safeguard to ensure the continuance 
of tliat very civilization. It appears that neglect of such 
l)recautionary measures caused the decline (»f many ancient 
civilizations in the ])ast as ernpliasized by Lord Hailey in 
the above survey: “Erosion is believed to have played an 
important jiart in the decdijie of past civilizations. Tii 
Mesopotamia cities now buried in sand were once surrounded 
by tliriving farms, and the degradation of rich and fertile 
land into desert— in some cases dm*, it has been suggested, 
to (he silting up of irrigation works — is thought to have been 
a primary cause of the decay of a omre thriving (dvilization . 
In ancient (heece th(‘ hill-tops, now bare, were thickly 
fojcsted, and the hill-sidt?s, now roetky and barren, were well 
protected with vegetation. Deforestation led to the stripping 
of topsoil from th(» hills and the co/rsequent decline of Greek 
agriculture, (piantities of silt were deposited along the 
lower reaches of the rivers, and marshes and swamps were 
created, with the result that malaria undermined the stamina 
of tlie people. The sterile rocky hills and hare deserts of 
l*alestino, that hem in a small strip of cultivated coastal 
plain, were once relatively fertile and provided good grazing 
for cattle and sheep.’’ 

As a river cannot be treated piece-meal but must be 
studied as a whole sy.stem and as our major rivers flow 
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tLroufl:h several proviuces and States, it is aj)parent that the 
iiontrollinf? work must be entrusted to an inter-provincial 
body. 

10. Another ijiier-provincial aspect of our river 
problems that I would like to refer to in this conneetion is 
the harmful efi'eci nu a river regime that may result from 
excessive ta])pinji* of its supplies for purpose 4»f irii^-.'ition. 
The most diffieiilt ])ioblem that an En^fineer lias to fat e in 
coniiection with the maintenance of a canal is with regard 
to the transportation of its silt burden. A lot of rescarclies 
have bcMMi made in this connection, the object bciii”; to 
exclude silt from the canal as mmdi as ]»ossible. J do not 
deprecate this object nor the improvements in the d(‘si|*ns 
that have b(‘en etTccl(*d to achieve it; but wliat 1 wish lo 
emphasise is that ilie sill exiduded from the canal is left in 
the i-iver which it lias to transport with the hel]) «)f its 
j»Tadually diminish iii<^ How as the ijuantity of wait*!* extracted 
by the various canals, existing- or prosiiective, increase's. It, 
therefore, follows that there is a liniitin*^ siii<»e beyond wdiiedi 
it would be imprudent to tap a river for purposes of irrigation 
for, if it is unable to carry its silt burden, it is bound to 
deteriorate. 

11 . Tt will jirobably take years before the deterioration 
readies siitficiently acute stag’e to affect the success of the 
canals, but in vi(*w of the above considerations I do not 
think Ili(u*e can lie any iloubt but that exc'essive irrigation 
from any particular river may lead to ibis result. As in the 
matter of river conservancy we must tak(* a lon^»* view, it. 
seems necessary to ensure that beyond the alnive limiting 
sta«j:e no irrigation is ]ierinitted from any river. Tlie 
limiting staj^’o for each river will have to be settled after 
careful observation and research and, if need be, with the 
help of ex]nu‘imeiits on models preferably, by the Standi 
Commission wliicb, as 1 have recommended, should b(* 
constituted for cadi major river system. The prim-iple 
iinderlyinfr this preventive measure is a fundamental one on 
which dexieiids the continuance of civilization, viz., that 
though man has undoubtedly the right to enjoy thi' gift of 
nature, he must not c'xc'rcise this right in such a inanner as 
to jeopardize the enjoyment of the gift by future generations. 

12. This naturally leads to another important jirincijiie 
of inter-provincial character, viz., that unlike air and light 
when the gift is of limited quantity, as in the case of river 
supjily, no jiartieular province or State should he allowed to 
take advantage of its geographical position and monopolize 
tlii'S gift, but it should be equitably distributed among all the 
riparian owners having regard to their varying needs. 
Excessive extraction of river supplies for purpose of irriga- 
tion in the upper provinces naturally results in corresponding 
diminution of supply available for the low’er provinces and, 
though this may not be objectionable during floods when 
usually there is sufficient supply available to meet the re- 
quirements of all. it may be a matter of serious concern 
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during the dry season, speciall^^, as owing to pressure ot 
population and to meet the growing needs of advancing civi- 
lization, there are for(;es in operation which are tending to 
diminish the dry weather flow of rivers asi explained above. 

13. It has already been explained that sufficient supply 
of upland water, specially in the dry season, is an essential 
requirement for the i)reservation of the tidal channels in 
Bengal and to push down the salt water limit which is tend- 
ing to advance up the delta. In fact, the lack of this dry 
weather flow is mainly resi)onsible for deatli and deteriora- 
tion of many of our tidal channels in Bengal causing serious 
c<»ncern to the Government in the matter of drainage, 
reclamation of low tidal areas and navigation. And as 
regards navigation, it is not only Bengal that is afFecded but 
also the neiglibouring Provinces of Bihar and Assam as a 
considerable portion of their produce is transported by water. 
Equitable distribution of the available river supi)ly is, 
therefore, an essential requirement of River Conservancy and 
as conflicting interests are likely to arise for adjudication, 
the work should be entrusted to an independent Standing 
Commission which should be constituted for each major 
River System traversing more than one x)rovirice. 


Floods. 

14. Hitherto I have dealt with the subject of river 
conservancy with reference to i)ositiv(», scjrvicies rendered by 
rivers to man in respect of Irrigation, Navigation and 
Drainage. I now ])ropose to refer to its other aspect wliich 
is mainly negative, viz. controlling measures necessary for 
protection against floods 1 have said “mainly negative” 
deliberately as in some areas, for instance in deltaic Bengal, 
flushing of land during floods is not only necessary to raise 
and fertilize the land and in tlie interest of public health, 
but this very i)rocess is essential for the conservancy of the 
river itstdf. T have already explained how rivers maintain 
themselves, if left to nature. As a man re(|uire8 certain 
area of laud to house and nourish himself and to meet his 
various Tieeds, as a cow needs a certain grazing ground, so 
does a river require a certain spill area where it 
(*ould relieve itself of a i)ortion of its silt which 
would otherwise dej)osit in its 'bed and would gra- 
dually deteriorate it. This is very true in the 

deltaic region where, owing to flatter gradient and 

consequently comparatively less velocity, the river is nor- 
mally unable to transpoi*t its silt burden during floods; and 
the works carried out in the past in defiance of this funda- 
mental principle in river conservancy have not only caused 
deterioration in the river channels making their maintenance 
more and more difficult but have also made the very problem 
of protection against flood damages, w^hich they were 
intended to solve, more and more acute. Even in the 
non-deltaic region though the general country is usually 
higher than the flood level, there is certain spilling zone 
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allotted by nature to most of the rivers and it is the 
encro^hment by man, into what is essentially the river’s 
domain, that has g^iven rise to the flood problem in its 
present acute form. 

15. The most common remedial measure adopted against 
floods is the construction of marginal flood embankment and 
as the deterioration, it causes to the river channel and the 
drainage system, in public health and productivity of the 
soil, takes years to manifest itself, it has hitherto been 
universally accepted as the most effective proto(dion against 
floods. If it were possible to imagine a river with non-erodible 
boundary and carrying no silt, embankments would certainly 
have been a permanent remedy against floods; but the 
l)roblein is complicated by the all important silt factor, viz., 
the silt which the river brings from its catchment basin as 
also the silt which it picks up from its erodi'ble boundary on 
the way. In the economy of nature this silt is intended 
to be carried with the flood spill so that it could raisn^ and 
fertilize tlie land and reduce the silt content in the river 
channel to what its velocity could transjMnt. Confinement 
of the flood within the narrow river channel by moans of 
embankments disturbs this arrangement and a portion of the 
silt, in excess of what the river can transport, deposits in its 
bed. This causi^s higher and higher flood level to carry th<! 
same volume of flood, necessitating higher and stronger 
embankment as the deterioration of the river channel pro- 
ceeds, until a stage is reached when it is no longer possible 
to offer jirotection agjiinst floods by means of earthen embank- 
ments. 

16. Embankment, therefore, offers no permanent solu- 
tion to the flood problem. At best, it is only a temporary 
expedient and puts off* the evil day to future generations 
wlicii, owing to various vested interests and due to the 
deterioration of the drainage system, in publics health and 
productivity of the soil in consequence of the stoppage of 
beneficial flood spill from the land by embankments, pro- 
blems are created which are almost insoluble. Even as a 
temporary expedient, it can hardly be considered as a suffi- 
ciently effective protection against floods as it is impossible 
to avoid breaches in earthen embankments and the des- 
tructive effect of concentrated discharge through breaches 
is more serious than gradual inundation, specially, as the 
flood level relatively to the land gradually rises as a conse- 
quence of the embankments. It no doubt takes years before 
the evil effects of embankments are actually felt, but this 
very fact makes them rather risky expedients as vested 
interests are created which stand in the wav of any bold 
solution being adapted in future. As I shall mention later 
in the course of these lectures, in Bengal where the embank- 
ments were perhaps constructed the earliest in India as a 
protective measure against floods, their evil effects have 
already manifested themselves rather seriously as in several 
parts, tracts, formerly healthy and prosperous, have now 
become hot beds of malaria owing to the deterioration of 
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the drtiiua^jfe system ; laiul is lying’ fallow owing to the grow- 
ing (hMiease in the procliietivity of the soil and population is 
deoHniiig. In faet, having regard to onr experience in 
Bengal, construction of flood emhankiiients as a flood- 

controlling measure would he like mortgaging the future 
genoralions to derive some temporary benefit for the present 
generation. It cannot, therefore, be recommended except 
perhaps for the proteclion of important vested interests 

where there is no other allernative. 

17. Kliminaiing flood embankment from consideration 

file otlier controlling measures against fl(»ods that could be 
tliougld of, must necessarily apply to the causes of floods. 
No (rontrol is of course possilde against the elementary causes 
of floods, vi/., rainfall and melting of the snow, nor over 

other natural factors which are tending in raise the flood 

level, such as rise of spill area and the consequent reduction 
of its flo(ul absorption capacity. But it should be possible 
to control factors cn‘aled art-ificially by the acts of man, 
such as (a) excessive run-off from tbe catchim'nt basin and 
soil denudation caused by extensive and often indiscriminate 
deforestation, etc., perhaps the most important preventive 
measure, as it attac‘k.s the flood ]m>ldeiri at its source; (h) 
cartailinont of' spill area, by embankments and reduction of 
wahu’way duo to obstructions, such as inadequate bridge 
ojiening, etc. It should also be possible (e) to improve the 
spill channels, where available, so as to increase^ the water- 
way for the passage of the flood and to keep the drainage 
system in efficient condition mo tliat the land which has been 
flooded can be drained off as (piickly as possible. 

18. T have already dealt with (a) and (h). Ilegarding 
(c) to which I attacdi considerable importance, it should be 
remembered that sine(‘ the destructive effort of flood dejjends 
not so siieh on its volume as on its level, the aim of all 
eontn)1Hng works should be to lower the flood l(‘vel, just 
the reverse of what is effected by the flood embankments. 
It, therefore, follows that iJie most eft'eetive e.ontrolling 
jneasure against fl(md is to jirovidc as much waterway and 
to allow’ tlie flood to sjiread over as large an area as 
praetioahle. Improvement of spill channels w'ill not only 
increase the waterway in tlu' channel sections and increase 
their discharging capacity but will also ii»crease the w’ater 
spread over tlu* s]iill area \vhi(*1i, ])artly due to its flood 
absorption capacity and partly by cross country flow% will 
help in low'cring the flood level. And this very process will 
also help in maintaining the drainage system in an efficient 
cofidition owing to its continuous flushing by clear winter as 
tlie spilled water, after dexmsiting the silt on tbe land, is 
drained towards the sea. 

Iff. It may appear to be paradoxical that as a protection 
against floods I am advo(^ating a measure which wull spread 
the flood over even larger area. A little consideration wall, 
liowever, show that in most of the cases flooding by itself 
is not an evil; in fact, it is necessary in the interest of public 
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liealtli and productivity of the soil and, as I liave already 
explained, also for the coiiaervancv of the river and drainage 
system of the country. What make it destructive are (/y) its 
sudden invasion of the countryside, (h) the excessive depth 
of flooding and (c) the difficulty in draining the flood water. 
This is aptly illustrated by the condition prevailing in 
Eastern Bengal wdiich is gradually inundatt?d by the spill 
of the Ixanges and the .Tamuna during monsoon and, as a 
result of this annual flusliing and the deposit of the highly 
fertilizing silt, the country is healthy and prosperous. In 
fact, it is perhaps one of the most productive tracts in 
India. 

20. Being a(‘custoined to aniiiial flooding peo|)le build 
their houses on earthen mounds and adjust their agricultural 
pra^'tice to suit the flood condition instead of trying to 
control the flood artificially to suit agricuKure which, it 
seems to me, is a WTong way of dealing Tvilh the matter and 
const! lutes what might otherwise jnove io he a natural 
blessing, into a calamity. Instead of sudden onrush of the 
flood into the (jountry as would be caused by coiuu'iitrated 
discharge through hreach(\s in flood einbankmenls, there is 
gradual inundation and the drainage system is also naturally 
maintained in eflicient condition due to the scouring of the 
silt in the river beds and other drainage channeds bv the 
copious flow of clear spill Avhen it is drained towards tlie sea 
after depositing Ihe silt on the land. 


Inter-provincial Commission. 

21. I am, therefore, of opinion that Ihe most effective 
preventive measure against floods is t(» prevent the harmful 
acts of man w'itliin the catchment basin s(» as to reduce the 
rate of surface run -off' which determ iiu\s the intcnjsity of 
floods. After the flood has entered the river chaniKds the 
most effective remedial measure against flood dajnages is io 
allow the flood to spread over as large a portion of its spill 
area as possible and not to oust it from w-hal may he called 
the river's domain, by means of controlling wwks. If man 
must share tliis domain with the river he must adapt his 
needs so that they may not c.oine in confli(*t with those of the 
river. 

22. Again, since tlie services rendered by a river, 
whether for domestic sujdy, for irrigation or for navigation, 
depend not so much on its monsoon flow', which is usually 
much more than what can possibly be utilized, but raihei* 
on the flow that it can maintain throughout the year, it will 
be clear from \vhat I liave said before that tlie most import- 
ant conservancy measure is to prevent further accen- 
tuation of the inequality of distribution of river flow' which, 
to a great extent, is already inherent in the problem, 
specially, in tropical countries ow^ing to erratic distribution 
of rainfall, by stopping the mischief at its source, i.e., by 
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controlling the catchment basins. It will no doubt be hardly 
practicable to stop altogether the encroachments made by 
man into what may be called the “Eiver’s Domain^. Eoom 
must be found for the growing population: increasing 
demands of the advancing civilization have got to be met. 
But along with the progress of civilization our knowledge 
of the physical sciences has also made considerable progress. 
With the aid of this knowledge to guide us and by concen- 
trated study and research it should be possible to devise and 
exociito suitable measure so as to reconcile the growing 
needs of man with those of the river provided a suitable 
organization is set up with adequate authority and resources 
to tackle these problems seriously. Isolated action in a 
particular section of the river is not sufficient. What is 
required is a comprehensive and w^ell-planiied attack on the 
problem as a w^liole. Nature does not recognize artificial 
political boundaries and wdiere tbepie prove an obstacle in the 
way of executing comprehensive measures, the obstacle must 
be removed by suitable legislation. Though this might 
infringe on the right given under the Provine-ial Autonomy 
it has to 1)0 acquiesced in the larger interests of the pro- 
vinces and States and for the future of eivilization. 


How the pro- 
blem is being 
tackled in the 
United States. 


23. In support of tlie views expresstul above and to 
indicate how llie problem is being tackled in an advanced 
country like the IJnited States I quote below the following 
extracts from tlie Eeport of the Mississippi Valley Oom- 
mitteo of the Public Works Administration, October 1, 
1934 : — 

* « « « » 

‘T. Tjtmd^ icnter and people . — The time has passed when 
isolated or unrelated plans were adequate to American 
needs. When one strand in the interwoven web of our 
national fabric is touched every other strand vibratos. 
Land, water and people go together.^ The people cannot 
reach the liighest standard of well-being unless there is the 
wisest use of the land and water.” 

* « « « « 

“IT. Wate,r in motion . — ^A drainage basin, ibig or little, 
is a region through which water moves. No act of man can 
permanently halt this flow of power, nor even diminish it 
to an appreciable degree. The water must come down — we 
could not stop it if we could. We can, however, figuratively 
as well as literally, canalize it so that it will do what we 
want it to do and not do what we do not want it to do. 

The problem of control . — The ideal river, which would 
have a uniform flow', does not exist in nature. Something 
usually has to bo done, to equalize the flow or to take 
advantage of variations in flow, if the stream is to resemble 
even remotely an ideal river. But before this stage can be 
reached the question has to be answered. For what or for 
whom is the river to be ideal? The problem of control 
involves not only the physical nature of the stream, but the 
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often coiiflietiiig c'.lainis of various uses and various users. 
Scientific planniiij^- requires a use i)attorn for each coin- 
in unity, district, or reg^ion, as well as a greog'rajdiic^al pattern 
whicJi will reflect as fairly as possible the doiiiiiiaiit needs 
of each locality. 

* * * *■ 9i: 

Floods pay no attemtion to political Jurisdictions. ^\uy 
c*o-o3-dinatcd system of control wdll demand the co-opeiatioii 
of neighbouring: States with each other as well as the co- 
operatioji of vStates with the Federal (lovei-nment. Obivi«»us- 
ly the Federal ( love rum ent should lu‘ar ils share of the costs 
and the responsibility. (lbvi<»usly, too, tln‘ States should 
do tlic same. To make this c^asily possible we need unitorm 
State flood control laws, ^Federal h^gislaiioii to exi>editc 
inter-stalo comj)acts, and a pei-inanent poli<*y of F<Mlt?ral 
])a rt ifdpation based on accurate estimates of tlie benefits to 
be derived. The integrity of State' and local governments 
is certain to be imxmirt:*d if tlie Federal OoveruiiK'nt is 
regarded as a kind of Santa Clause. 

It is sug'gested that the Federal Government might pay 
‘30 per cent, of tlie cost of labour and materials for projects 
of ('hief benefit only to local communities; a larger i>ro])or- 
tioii as the measurable general benefits increased; and 100 
Iier_ cent, of the construction cost wdien the bent^fits to be 
derived were, as they are now recognized to be on the lower 
Missi^ippi and its back-water areas, a national affair. In 
ejich instancci there sliould be responsible and legally consti- 
tuted local agencies with which the Government could deal. 

The same princixiles that are ap]jlied to flood control may 
be applied to low-water control.'* 

* * ♦ ♦ * 

Interrelation of interests , — As communities increase in 
population, extent and complexity, new and far-reaching 
agencies have to be called in or creatcul to deal w’ith their 
water problems. Tlie family well gives way to a city water 
system, that in return, perhaps, to a district or sectional 
water system. In time, as the present report suggests, a 
riationul programme is required to reconcile the needs of 
the 49,000,000 peox>le who live on the l,2i35,000 square miles 
of the Mississip 7 >i River System. The multiple uses of 
water add to the intricacy of the problem. 

There consequently should be a revaluation of controlling 
agencies, both local and general. ^ Where the jihysical pro- 
blem to be attacked^ transcends existing political boundaries, 
new types of regional organization, such as the New 
England Council or the Ohio River Board of Health Com- 
inissioiiers, have already appeared. Other type.s are the 
“Authority", or publicly owned corporation, of wdiicli the 
Fort Authority of New York is an example : the inter-Stale 
conservancy district; agencies set up b^- two or more states 
under inter-State compac'ts ; and Regional Authorities sot 
up by the Federal Government, for w’’hich the Tennessee 
Valley Authority may be regarded as a precedent. 


o 
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Either on its own initiative or on request from the States, 
the Federal Government should stand ready to investigate 
projects or situations. In planning and carrying out actual 
operations the benefits and responsibilities should be as accu- 
rately assessed as possible as between the National, State and 
local governments. The Federal Government’s responsibility 
should not be too narrowly interpreted, since it is in practice 
and by the terms of the Constitution, accountable for the 
general welfare. Measurable benefits are not always the 
criteria which can be sot up. “The ideal allotment of costs 
will be that which will produce the best total economic 
effect within the limits of imblic support and of administra- 
tive practicality, with due regard to all equitable considera* 
tions. 


24. As all our major rivers originate in regions beyond 
the political boundaries of Bengal, the organization required 
to tackle these jjroblems must necessarily be inter-x^rovin- 
cial. Again, in the case of some of them a large i^ortion of 
the catchment area lies in Native States which are under 
the i)olitical suzerainty of the Government of India and also 
in Nepal which can only be i)ersuaded to join the above 
organization by the Government of India. In the case of 
the Ganges, for instance, of which some informations are 
available, the catchment areas are distiibutcd up to its 
confluence with the Brahmaputra at Goalundo approxi- 


mately as follows : 

Sq. miles. 

British India ... 172,000 

Indian States ... 100,000 

Tibet and Nepal ... 70,000 

Total ... ;548,000 

Say ... 350,000 


Progress so far 
made. 


It may be mentioned that it is in the Native States and in 
Nepal where there is hardly any organized Engineering or 
Forest I)ei)artment that, comi)aratively speaking, control is 
more urgently called for. 

25. It w’ill, therefore, be axjparent that what is requir- 
ed is an inter-i^rovincial and inter-State organization for 
each major river system to be established by a statute enact- 
ed by tile Government of India, in consultation with the 
Xirovinces and States affected and with adequate power and 
resour(;es to he able to deal with these problems seriously. 
We have already made some progress with regard to the 
constitution of a Ganges Eiver Commission. The proposal 
has Wn accepted on principle by the Governments of 
Bengal, Bihar and United Provinces and an Interim Com- 
mittee consisting of three Chief Engineers of these iiro- 
vinces, a senior officer representing the Forest Department 
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and another officer representing the railways has been form- 
ed to frame the necessary constitution, and pending the 
establishment of the Commission, to discharge its functions 
as far as possible. 

26. As these officers are all busy with their normal Need for a whole- 
departmental work, they hardly find'any time to think out pendent ChaS^- 
these problems. What is required is a whole-time Chairman Inanandper- 
having wide knowledge of these rivers and their problems manont Secre- 
solely engaged on tin’s work, who should, so to speak, consti- tariat. 
tute the brain of the Commission and assisted by a perma- 
nent Secretariat, think out theses problems and take the 
inM^essarv initiatives for their solution. It will be for him 
to suggest these measures, including the collection of the 
requisite data, to the Commission consisting of represen- 
tatives of provinces and States, which should meet periodi- 
cally so tliJit their view points and the vested interests that 
are likely to be affected and how these could be reccmeiled 
with the n^quirenients of the river conservancy can be 
tliorouglily discussed and a plan of action laid down by the 
Commission as a whole. Again, having regard to the nature 
o the problem that has to be tackled and the long term 
programme that must necessarily have to be followed for 
their solution, it will be apparent that continuity of policy 
is essential. This, howev(‘r, it will be impossible to secure 
without a permanent Chairman appointed for a term of 
years and a permanent Se(‘retariat as the representatives of 
the provinces and States must necessarily be seniormost offi- 
cers of the departments concerned and being on the verge of 
retirement, will soon be replaced by their suc(‘e8Sors in 
office. 


Canges River Commission. 

27. Having regard to the above considerations my siig- Kunt tion of the 
gesiions as regards the function and consiilulion of tlie proposed Com - 
proposed Ganges lliver Commission are as follows. Subject «^»»sion. 

to necessary modification these should also apply to tin; 
proposed Commission for the Brahmaputra and Megbna 
rivers wbieh the Governments of Bengal and Assam have 
agreed to constitute. 

28. Fwctioji . — Since the proposed commission has to deal 
with all questions concerning tlie conservancy of the Ganges 
river basin its function should include among others — to be 
gradually defined as experience is gained from its actual 
operation — all measures necessary for — 

(a) jirevention or at least mitigation of destructive 
floods : 

(/>) maintenance of navigation at least in reaches 
which are now navigable: 

(c) conservation of dry weather flow. 
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111 vi(-w of the extensive dunia^es that have been caused 
ill all the^ afVe(‘teil juovinees Uy the floods in recent years 
it<‘m (ft), i.e., ])i*even1 Ia’c measures at^^ainst floods, is really 
Ihe mosi important and, 1o a great c^xtent, it also inchides 
itiMiJs (h) and (c) as the best and the most suitable means of 
jireyenling destructive floods is to take recourse to ineasui-'s 
whieh will decrease Ibo surface run-oft' and increase the 
pei’colalion flow witliin tlic calchinenl basin or, in other 
words, increase the subsoil storage which will help in distri- 
buting tbe total jirecipitation more equitably throughout tin* 
year. '^rin* (vonimission should, ihcrefore, lay special 
em]iliasis on llic necessity fo control ihe c{d(dinu»nt basin, i.c., 
dcA'ising and execniing suitable measures so as to reconcile 
till* needs of man with those of the river. 

29. The most important measures regarding (h) and (r), 
i.e., maintenance of navigation and conservation of dry 
weather flow, will tlins be necessarily included in the measures 
taken under item (ft) as explained above. Other measures 
should, in my opinion, include bandalling* whiidi is now Ixung 
done hy the Steamer Companies with a subsidy from the local 
(xovernment and which, after the Commission is constituted, 
will have to he controlled by that body and dredging, ii 
necessary . 

Again, to b^^ able to discharge these functions it will be 
necessary for the Commission to see that nothing is done in 
the provinces which is likely to Inave any adverse effect on 
any <>f them. For this purpose the Commission will have to 
stu iiliiiize at least the main outlines and not necessarily the 
details of any scheme above a certain si>e(;ified limit that the 
provinces may propose to execute in future. 

30. The Commission will also have to take a stock of the 
data already available and consider what further data have 
to be collected. Another imjiortant function of the proposed 
Commission would he to standardize the method of collection 
of data in the provinces concerned and to arrange for theii’ 
statistical analysis so that they may serve as indisputable 
evidence in ihe deliberation of the Commission or if the in.*ces- 
si<y arises in future, in connection with the st^ltlement of 
any inter-j)roviiicial dispute with regard to water rights. 

31. The following data would seem io be necessary. 
These will no doubt he supplemented as a result of subsequent 
experience gained by the Commission: — 

(a) (iauge-n^adiiig at frequent intervals along the (ranges 

and her tributaries and branches. 

(b) Discharge obseivations taken at strategic 

together with silt-ohservations. 

A./y. — These will also serve as standard cross-section sites. 
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(c) Survey of the main river, its main tributaries and 
l)ram‘hes showing the embanhmenis — railways, 
roads, t‘t(*. — within the flood plane, tof^ether with 
information re^ardin^^ their heig;hls, waterwfiys 
available, etc*. It no recent survey is available 
an aerial survey will have to be made. 

It may be noted in tliis connection that an aerial survey 
of the (iaii^es from Rajniahal to (roalundo has 
recently been made in Benjral. 

(f/) Survey of the catchment basin, specially the ]»ortion.s 
covered by the forest, both reserved and unreserved, 
and sliou*in<*‘ the area where .soil denudation is 
already very severe and notinf»* the positions of 
the ruin j^au^e stations toprether with their mean 
annual and maximum intensity of rainfall. 

(c) If suflieient number of rain stations are not 

already available, steps will liave to be taken to 
establish new stations. 


32. The next point to (*onsider is whether those functions 
including the collection of data will be discharged directly 
by flic Commission in which case it has to be empowered with 
tlie recjuisite executive authority and supplied with the neces- 
sary finance or it will serve mendy as an advisory l)ody 
making recommendations and expecting tliat the local Oov- 
enmumt concerned should take necesvsary action accordingly. 
In this connection it would perhaps be relevant to refer to the 
history of the Mississipj)! Kiver Commission. It ap])ears that 
this Ctunmission tvas firsi constituted by an Act of the Federal 
Govt'j’nmeiit (iiassed in June 28, .18711) as an executive* body 
reporting directly to the Secretary of War. This, liowi*vu', 
resulted in dual Engineer organizations, viz., that of the 
Commission and the regular Engineer J)e[)artinent of rhe 
Federal (lovorninenl and in 11128 the Commission was reorga- 
iiiztMi hy the Flood Conirol Act of ^May 15, 1928. As a result 
“the Mississippi Itiver Comniission ceased to be an ext'cutive 
body and became aii advisory and consulting body, cliaTg“d 
with certain duties including the holding of jmblic bearings, 
recoininendations of policy, recommendations on general types 
of construction work, recommendation of unnnal programme 
of work, and otlit»r similar duties'*. **Tbe Pn*sident of the 
Comniission became the executive oflicer of the Commission 
reporting directly to the Chief of Engineers and resi)onsilde 
to him for the prosecution of the work.” 


33. In view of the history of the Mississippi River 
Commissi(»n as briefly ex])lained above and owing to the diffi- 
culty of ju'oviding tin* requisite finance if it ha.s to execute 
the necessary works, I seem to think that the projjoscd Ganges 
River Commission should be ('onstituted on the model of an 
advisory and coiisulting body rather than as an executive 
authority. But it seems nece.ssarv to take notice of an im])or- 
tant distinction as between the Mississippi and the Ganges 
rivers in this connection. In the ease of the former the 
Federal Government has undertaken the responsibility for its 
conservation by executing the necessary works with the help 
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How tlio (.?oni- 
miHsion sliuuld 
function. 


of its re^^ular Engineering organization. In the case of the 
Ganges the Government of India has undertaken no! such 
resjjonsibility nor has it any Engineering organization of its 
own. Any work recommended hy the Commission has neces- 
sarily to entrusted to the local Government concerned for 
execution in the ai)proi)riate department. In view, however, 
of the present unstable political condition in the provinces it 
seems necessary to devise some arrangement with a view to 
ensure tliat rt^asonablo recommendations of ihe Commission 
are acted upon l)y the Provincial Government concerned. 
Tliis could j)t‘rhaps. be secured by constituting the Commis- 
sion by a statute enacted by the Government of India. 

'M. ThcMigh this is a point on which a deension can only 
be reached l)y obtaining authoritative legal opinion, it seems 
to me that <he duties of the proposed Commission, viz., “to 
deal with all questions concerning the c.oiis(>rvancy of the 
Ganges liver basin,’* are much more comprehensive than 
what is defined in item 19 of list II of the Seventh Schedule of 
the Government of India Act, 19115, as included in the Pro- 
vincial Tjegislative Inst. If this view is supported by legal 
opinion, Government of India can perhaps enact the neces- 
sary slatute and constitute the Commission under its residual 
powers of legislation as given in section 104 of the Govern- 
ment of India Act, 19ill5. 1 do not think it will suffice to have 

the necessary statute enacted under scclion TOO of the Govern- 
ment of India Act as then the very object of Laving the 
Commission constituted under the authority of the Govern- 
ment of India, as explained aliove, may bo vitiated by 
subseciuent amendment or repeal by the Provincial 
Legislature. 


Constitution of the Commission. 

35. My view, therefore, is that the proposed Commission 
should be constituted by a statute enacted by the Government 
of India. It will be mainly an advisory and consultative 
body Jind discharge the functions, in their executive aspects, 
through tlie agency of the Provincial Governments and States 
concerned. The Commission will decide as to the measures, 
which, from a consideration purely of the» technical aspects 
of the case, are neic^ssary for coiisorvanev of the river. Some 
of these recommend aliens the Provincial Governments and 
States concerned will no doubt agree to finance individually 
without any assistance from other sources. As regards ohe 
rest, rec^ommendations of the Commission, if any, together 
with estimates of cost should he submitted to the Government 
of India. The Commission should also recommend as to the 
allocation of the cost as between the provinces and States con- 
cerned having regard to the degree of benefit derived by them 
and the Government of India. If the Government of India 
accepts this recommendation, well and good, if not it may 
consult the Central Board of Irrigation and issue necessary 
instructions to the Commission either accepting its recom- 
mendation or rejecting the same. If, however, the extra cost 
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beyond what the provinces and States concerned agree to 
finance conics to be heavy, it will clearly be necessary to find 
out some source of revenue to enable the Commission to 
function efficiently. This is, however, a matter on w'hich no 
useful suggestion can be made on a hy|>othetical basis but 
may perhaps be left to the Commission, w’^hen it is constituted, 
to decide on the basis of information that may be available 
then and make recommendation to the Government of India. 

36. It will be seen from the above that in addition to 
representatives from provinces and Stales and other bodies, 
such as ihe railways, and Steamer Companies who are vitally 
interested in tlie conservancy of the Ganges river system, 
there sliould be a representative of the Government of India 
in the Commission independent of and in a position to recon- 
cile the view’ points of ihe sectional interests. Besides, for 
efficient discharge of the functions, as detailed alK)ve, 
occasional meetings of the representatives do not appear to be 
sufficient, but there should be a permanent whole-time organi- 
zation prejiared to devote its entire time and energy in 
executing the policy and program in e» laid down at ihese 
meetings. 

37. The constitution that I can visualize should, there- 
fore, be as follows: — 

Pre.sulrnt . — An experienced Engineer wdth w’ide know- 
ledge of the rivers concerned to be appointed by the 
Government of India. He should be a whole-time 
officer ajipointed for a term of say, 5 years. It will 
bo his duty to see that the ])olicy and programme (^f 
the Commission arc acted upon with the least i)os- 
siblo delay and with the assistance of the Secretary 
and other staff, to exercise general supervision over 
the activities in this connection in tin* provinces and 
States. 

Af embers — ■ 

One representative each — An Irrigation Engineer, pre- 
ferably the Chief Engineer, Irrigation, to be 
selected bv the three provinces — Bengal, Bihar and 
F. V. 

One representative of the Nopal Government. 

One rejiresentative of the States. 

One representative to be nominated by the Kailway Board. 

One representative to be nominated by ihe Steamer Com- 
panies who maintain regular steamer service in the 
Ganges. 

One Forest expert and another expert on Agriculture to 
be nominated by the Government of India. 

The Commission should have a permanent Secretariat 
with a permanent Secretary and a fewJ technical and office 
assistants to start with to be expanded later as the necessity 
arises. 
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38. The cost of the above establishment should, I think, 
be borne partly by the Government of India and partly by 
the participating Provinces and States on a percentage basis 
as may be mutually agreed upon or in the absence of agree- 
ment, as may be decided by the Government of India. Jt 
ijiay be luentioiied in this connection that the Governments 
of Bengal and Assam have agreed, on i)rinciple, to constitute 
a Oommission to deal with all questions concerning the con- 
servancy of the Brahmaputra and tlie Meghna rivers and an 
Interim Committee is being formed to define ils function and 
1o frame the necessary constitution. As the work iruTeases, 
it will jjrobably be necessary ultimately to have completely 
separate organisation for this and for the Ganges River 
CommissioTi. But to start with, as a measure of economy, 
the two Commissions may perhaps function fairly efficiently 
with the same President and the Secretariat. 

39. In this connection it may be mentioned — and this 
may perhaps serve as an additional argument in support' of 
the (ontcntioii that the Government of India should actively 
participate in the constitution of Commissions for these major 
rivers — that recently tin* Government of India addressed the 
Local Governments drawing their attention to th(» im])lica- 
tions of sections 13tl to 133 of the Government of India Act, 
IJ135. it was suggested that to avoid inter-provincial disputes 
with regard to water rights, the Provincial (lovernincmt l)ofi)re 
executing any scheme which is likely to interfere witli wat(‘r- 
suppiies of any other province from any river, should consult 
tljc latt(M'. Constitution of a Standing Commission with its 
function, as prriposed above, will facilitate such consultations 
and as the Commission will consist of tlie chief te(‘hnical 
adviseis of tlu^ Local Governments concerned, it is very likely 
tliat tliey will lead to agreement and it won’t be nec(‘ssary vo 
make <*onnjlaint to the (lovernrncnt of India as contemplated 
in seeti«nj 130 of the Act. In the event, however, of tlu^ 
unusual coiitingeiiey of such a complaint being made tlie 
Standing (\)mmissioTi may as well serve as the Commission 
])roposed to he appointed iimhu' section 131 for necessary 
investigation and report. With its accumulated knowledge 
and ex|>erieiiee of the river as a result of intensive study such 
a Standing Commission will, it seems to me, he more com- 
yictent to deal witli such matters than any temj)orary Commis- 
sion apjK)iiitcd for the time being. 


Services rendered by the rivers to Bengal and their problems. 

40. Formation of the delta , — ^Tlie major portion of 
Bengal is deltaic and the most important service rendered by 
her magiiifieeiit river systems was to create the land and to 
raise it ill rough centuries so us to make it fit for human 
habitation. Though all the rivers having their sources in the 
hilly regions lying to the west, north and east made their 
contributions in this respect depending on the volumes of 
water they carried and tlie quantities of silt they could 
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transj>ort, by far the greatest contribution was of course made 
by the (langes and her branchc^s. In this connection it w’-ould 
be of interest to note tlie view held by the Geological experts 
regarding the origin of the Gangetic delta. 

M( ‘SSI'S. Haydon and Pascoe* of the Geological Survt>y of 
India state “the absence of tertiary marine deposits, and the 
presence of tertiary fr(‘sh water deposits, throughout the ouler 
Himalaya from Dehradun to Sikhini show that, since the ele- 
vation of the TTiuialaya, marine conditions have not existed 
in that area, nor is there any evidence of the existence of 
such conditions at any point in the Gangetic plain between 
the Himalaya and tlie Peninsula*’. They admit that the 
evidence in 6n))j)ort of this theory are rather meagre, being a 
few borings at Ambala, Agra, Jmcknow, Chandernagore, Fort 
William and Canning, the deepest of which was only a little 
over 1,800 feet det‘p. But they argue that in the absence of 
any evidence in favour of a contrary view it would not be 
safe to reject the generally a(‘cepted conclusion “That ihe 
conditions prevailing over the Indo-Gangetic plain from, 
comparatively (*arly tertiary times have not been dissimilar 
to those that exist at the ])resent day, and tliat here has been 
a slow but gradual sul)sidcnee f)ermitting of the? accumula- 
tion of an enormous mass of alluvial de])osits.*’ In the 
“History of the liivers in tlie Gangetie Delta” Mr. (b 
Addains-Williams, c.i.E., lat<* Chief Engineer, Irrigation 
Dejiarlinent, has also given prominenee to ihe view, “Tliat 
before the jiresent n]jj)er strata of the della w’ere laid down, 
it ajipears that tliere was an older delta eomposed of materials 
totally different to those dejiosited hy the* Ganges. A stratum 
t»f yellow clay and sand appears to underlie that upper and 
newer strata of blue elay and sand. At Cowkhally on the 
lower Hooglily the yellow elay is about 61) ieet from the 
surfaee as shown by borings taken in 1014. At Kushtia there 
are outerojis of the same stratum and the geiu'ial outerop 
ajipears t<» be roughly round the extreme edges of tlie present 
delta”. Mr. Addams-Williani eonelndes, ‘Vlt a])pt*ars iliat 
this della was laid down by the rivers issuing* from the nonh 
or north-east, and (hat iiresumably the Ganges had not then 
beeome a factor in the case. The. old delta Avas depn‘sse»l 
and th(* Ganges apjiears to have then tmtered on the set‘in‘ and 
began forming the noAV delta on the top of the old from the 
neighbourhood of Itajmahal”. 

41. But whatever may he the justifieation for this tlieory 
it seems certain that th(» 'land we live in, up to a deptli tliat 
Ave need think of, Avas built up and gradually raised through 
centuries by the silt carried by ihe rivers mainly from ihe 
Himalayas and partly from the Chota-Nag]mr and Sonthul 
Parganas hills. To appreciate the services rendered by them 
in the past, which they are still remlering in portions of 
deltaic Bengal and would have been rendering in the rest hut 
for human interferences and other reasons as I shall explain 
later, it is necessary to envisage how these rivers, specially the 
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* Report on the Hooghly river and its head water 1019. 
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Ganges, wliich by far is the principal delta-builder, functioned 
in that early ago and are still functioning in building the 
land and in raising and extending it towards the sea. The 
process of raising and extension of the delta towards the sea 
lias been going on for thousands of years, and it will probably 
continue for an indefinile length of time as the stock of build- 
ing material, viz., detritus, carried with the rainfall over 
thousands of square miles of catchment area including a con- 
siderable portion of the mighty Himalaya, is almost unlimited. 

42. Millions of tons of this silt is thus being transported 
every year by (he strong current of the Ganges flood and 
brouglit down to its mouth wliere the current being checked 
by coming in contact with the soa, Ihe silt in sus])ension 
drop.s into tlie bed. Land was thus formed at the bead of 
the delta and as it began to extend the Ganges, like the 
other tleltu-builders, began to approach the sea in several 
diverging blanches enclosing and intersecting the delta 
already l>uilt so as to raise it in the quickest possible time 
and to extend it towards the sea in ever-increasing width. 
Eacli branch carried its due share of the silt-laden flood and 
as the hank on eitlier side was low to start with, it was iii- 
nuduted during floods with the result that silt carried in 
suspension was dropped on the hank which was tlius gradually 
raised, tlie raising being more rapid nearer the river. 

Along with this process of raising of the delta already 
built so as to make it fit for human habitation the other 
im])ortant function of extending the delta towards the sea 
was being carried on by the main volume of thi* floods, 
carried down the several diverging branches, dropping their 
silt burden near about their mouths. 

43. Now mere extension of the delta towards the sea- 
face would not he of much use, hut what is i(‘quired is that 
it should be sufficiently raised so as to he fit for human 
hahitatioii and cultivation. If the task of raising the delta 
was left entirely to the carriers of upland floods, the process 
would have been exceedingly slow as we can expect these 
floods only during the monsoon months, i.e., only in 4 out 
of 12 months every year. It is, therefore, in the economy of 
Nature that the tides should come to our assistance in this 
respect. Tides flow up these rivers witli strong velocity 
twice daily throughout the year and as there is a vast 
reservoir of unconsolidated silt at their mouths, deposited 
there by thci upland floods during monsoon months, they 
pick up this silt almost to the saturation point on their way 
inland. So long as the banks of these rivers within tidal 
limits are below high tide level and the rivers are free to 
spill, the silt-laden tides perfoim exactly the same function 
as the upland flood carriers, viz., raising of thei delta already 
built, with this difference that while the latter function only 
during the actual floods in the monsoon the beneficent 
activity of the tides continues throughout the year. 



23 


44. The second function of the tides is to fill up the 
interior of the delta .lying: between the upland flood-carriers. 
As mentioned above, the depth of silt deposit by upland floods 
or by the tides carried up ihese rivers, is the maximiiin close 
to the river banks, where the velocity, wdiich determines the 
proportion of silt that can be carried, is first checked and as 
the spilling proceeds aw^ay from the river banks, the silt con- 
tent of the spilled water and consequently the depth of silt 
deposit is less and less. Now, if Nature had to depend 
entirely on this ageiK^y, the area lying midway between the 
contiguous upland flood -carriers would have remained low— 
probably in the shape of creeks extending from the sea till 
these rivers, after performing the function of raising the 
hanks close to their channels, would burst through these 
banks and divert along these low valleys. This w'ould have 
been a slow j>rocess and to facilitate* the work of delta-build- 
ing, here also Nature requisitions tlie services of the tides 
which, picking up the silt on their way up these creeks or 
tidal rivers, gradually raise their hed and hanks until they 
are raised up to high tide level and rendered fit for (Uiltiva- 
tion. Tin; source of this silt supply is no do\ibt what has 
been carried to the sea hy the upland floods for ages, hut 
the tides, by their constant movement, keep it in an uncon- 
solidated state and distribute it all along the delta-face 
between the two main estuaries, viz., those of the Hooghly 
and the Mcglina. 

45. It will be clear from the above that Nature has betii 
employing both the* agents, viz., the upland flood-carri(*rs 
and the tides in her work of delta-building. She has h(?en 
assisted in her task by two favourable factors, viz., the steep 
slo])e of the Hiinalaya, the highest mountain in the w^orld, 
which has been furnishing the building material in abund- 
ance during the monsoon months, and the abnormally high 
tidal range, due to the funnel shape of the Bay of Bengal, 
which has been helping in distributing these materials twice 
daily througliont the year. But though the abnormal tidal 
range at the delta-face has b(M*n so helpful in raising the 
delta, in fact, raising it higher than what would have been 
possible if the range was lower, this very fact has stood in 
the w’ay of rapid extension of the delta towards the sea; for 
owing to the high tidal range more and more of the alluvium, 
brought down into the sea by the upland flood-carriers, is 
being dispersed along the delta-face to be picked ii]) by the 
tides travelling inland through innumerable tidal channels, 
and less and less of it has been deposited in a consolidated 
state to extend the delta. 

46. Higli tidal range has also been helpful in the 
interest of navigation and it is no w^oiider that the people 
of Bengal look upon the rivers, both tidal and non-tidal, with 
veneration, for, they created the land, are draining and 
fertilizing it and are helping in carrying the produce. 
Fertilization by tidal silt may not be apparent, but as the 
source of this silt is really what is carried by the upland 
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floods the iniuiurial properties of whieli are so highly valued, 
it is only a (luestiou of time, i.e., after the salt carried with 
tin? tidal silt has been washed away by rains, before its 
fertilizing properties are manifested as is so amply demon- 
strated in the ease (»f tlie recdaimed land in the Sunderbans. 

47. Hengal being mainly an agricultural country, the 
rivers are thus the principal .sour(;e of economic well-being of 
the people and where they are still active and are performing 
their original functions, as in East Bengal, the people are 
healthy and prosperous; where they are deteriorating and 
their beneficial activities have l)een interrupted, eitlier due 
to natural causes or due to human interference, as in Central, 
Western and Northern Bengal, the area is ppgressively 
deteriorating both as regards health and productivity of the 
soil. River problems in Bengal are thus virtually the pro- 
blems for the rural development in Bengal and have to be 
soIvihI if she has to be saved, specially her western and 
central parts, which even as late as a (‘entury ago used to be 
very healthy and prosperous, from reversion to swamps and 
jungles from which she was ri?claiiiit‘d by the rivers. 

48. Ifirers classified , — It will perhaps be convenient at 
Ibis stage to classify the Bengal rivers, having regard to 
their special characteristics into the following groups: — 

a roup / or perennial, rivers , — Rrimary delta-builders 
originating from the llimaluyus, maintaining more or less 
])erennial flow and navigable, at least, in tludr lower reaches: 
Owing to <he large catchment areas which they drain they 
(!an count upon fair incidence of rainfall occurriiig in some 
portions or other in their hasins practically continually 
tliroughoiit the monsoon. Partly for this reason and partly 
because of the melting of the snow at the higher altitudes in 
these basins ilicy remain in floods throughout the monsoon 
months gradually rising in level in June and beginning to 
subside after the middle of Heptemher. Even after the sub- 
sidence of the floods they maintain fair amount of flow 
throughout the dry season so necessary for irrigation, navi- 
gation, etc., thanks to the extensive forest areas comprised 
within their catchments, which help in increasing the sub- 
soil storage during tbe rains to be released gradually tbroiigli- 
out tbe year. For ibis reason tbeir outfalls, which arc tidal, 
are usually maintained better than in case of rivers of other 
groups. 

4fl. The princifial livers in this group are the (ji) Ganges 
series including the trihutaries and the spill channels, (h) the 
Brahmaputra series including the Teesta, and (c) the Meghna. 
By far the most important delta-huildcr is of course the 
Ganges which, traversing a length of 1.540 miles and drain- 
ing an average annual rainfall of 42 inches over a catchment 
area of square miles and with the recorded maximum 

flood discharge of about 2,000, (MX) msecs (at Sara), has been 
mainly responsible in building, raising and fertilizing the 
delta. Tile Brahmaputra was originally a comparatively 
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small river, but since its «-.oiinectioii with the Tsaii Fo of 
Tibet iliroujrh its tributary, the Dilioii»* (in Fpper Assam), 
ami subseipieiit additions of the floods of the Tet*sta (since 
1787), it has been a formidable rival of the (tan« 4 *es and 
promises to jday more a*id more important jiart in future. 
Jl now traverse's a ]eiif>th of 1,8(M) miles and drains an aver- 
af>e annual rainfall of 88 imdies (in Assam Valley) over a 
catcliment area of about ‘{oKCOO square miles. 

bO. '^^rhou*»h the Me^lina does not drain such extensive 
arc'as as tin* Ganges (»r the Brahmaputra, it comprises within 
its catcliment basin Cherapunji and other wet areas wliicli 
have prcdiably j;ot the hif»*hest records of rainfall in the world. 
Bor this reason it remains in fairly lii^h floods throughout 
tile monsoon and Jiiainlains a fair amonnl of flow even during^ 
the dry season jierinitiini** iiavi^-atioii by the Despatch Service 
steamers for a considerable length from its month as in the 
case of the Ganjyes and the Brahmaputra. The Ale«?hna, 
howevt'r, does not carry much of silt and whatever it carries 
from its catchment basin, is mostly iitlizcd in raisiiif? the 
vast depression known as Sylhet jlieel extending- into the 
Myrneiising*!! and Tippera <listj*icts practically u]) to the 
Bhyrab Bazar Itailway Brid^^e, and the flood that flows down 
the lower reaches is practically silt-free. 

51. Group 11 or torrential rivers , — Primary delta-build- 
ers ori^^’inatirif];’ from the low hills of Chhoto-Na^'pur and 
Sonthal l*ar»*annas, such as the Damodar, the Ajay, the 
More, the Cossye, etc. : Unlike the rivers of Grouii I, I heir 
catchment areas are lo<!alized in comparatively small blocks 
without any marked variation in the distribution of rainfall 
from one portion to the other. Consequently their flow is 
torrential, that is to say, when there is hc*avy rain in one 
part, it usually rains heavily throughout the entire catch- 
ment causing? lii^h floods in these rivers. The floods, how- 
ever, are short-lived, usually lasting not more than 3 or 4 
days at a time, as when the rain ceases, it usually ceases 
simultaneously over the entire catchment and these rivers 
may dwindle down to a mere trickle sometime even during; 
the rainy season, while during* the dry season they run prac- 
tically dry. Another reason for such an erratic, distribution 
of flow in these rivers appears to be that as their catchment 
areas comprise perhayjs one of the oldest XJarts of India, the 
hills have lost a good portion of their soil cover dtie to sur- 
face erosion caused by rainfall for thousands of years, thus 
considerably reducing the subsoil storage capacity. Defores- 
tation is also perhaps going on more extensively in these 
ureas further reducing the subsoil storage which is the agent 
emiiloyed by nature to compensate against tlie erratic dis- 
tribution of rainfall, moderating the intensity of floods and 
helping to distribute the total available flow more equitably 
tbroughout the year. All these factors combined have given 
these rivers their torrential character, often causing dis- 
astrous floods^ during the monsoon, while during the dry 
season there is hardly any flow to serve the needs of man. 
Again, owing to the lack of pressure of sufficient flow from 
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above, except during the floods, their lower reaches usually 
gret choked with tidal silt where the outfalls are tidal, as in 
the case of the Damodar, or due to the back rush of the 
Bha{?irathi flood as in the case of the other rivers of this 
group which fall into the Bhagirathi river. This further 
aggravates Iheir flood i>roblems. 

5l^. It will be <‘lear from the above that contribution of 
these rivers towards building of the delta could not have been 
much compared with the rivers of (rroup I. It appears that 
the eastern portion of liurdwan district and the western por- 
tion of llooghly and Howrah districts owe their origin to 
the delta-building activity of the Damodar, which is the 
moat important of this group of rivers with a cai(hment area 
of 7,200 snare miles and maximum flood discharge of the 
order of 050,000 cusecs, and the eastern portion of Midnapore 
district to that of the Cossye. Their value, however, lies in 
the fact that they <!onstitute the only source available for 
supplying the water needed for artificial irrigation and for 
flood flushing. 

Rivers originating from the low hills of Tippera and 
Chittagong districts, such as the Goomti, the Karnaphuly, 
the Halda. etc., may also perha])s he classed under this grtmp. 
It may, howt^ver, be noted that unlike the West Bengal 
group they maintain certain amount of flow even during the 
dry season sufficient for the purpose of navigation by country 
boats and, in the case of the Karnaphuly, sufficient for main- 
taining the outfall even for the purpose of navigation by 
sea-going vessels. This may he partly due to the heavy rain- 
fall a portion of which precipitates even during the dry season 
and partly, it may be, because deforestation has not proceeded 
so extensively in their hill catchments as in ease of the West 
Bengal rivers. 

53. Group HI or tidal rivers , — Subsidiary delta-builders, 
mainly the lower reaches of the rivers of groups I and II 
within tidal limits which, as has been explained above, con- 
tinue their beneficent activities of raising, fertilizing and 
draining the lower portion of the delta throughout the year 
and help in transporting the produce of the country. 


River problems with reference to health and productivity of 

the soil. 

Ancient 51. 'a\\ accounts that have been preserved from 

prosperity of ancient sources Bengal is reported to have been healthy and 

Bengal. prosperous, llernier wrote about tlie middle of the 17th 

century, '‘The knowdodge that I have acquired of Bengal in 
tw^o visits inclines me to believe that it is richer than 
Egypt”. Even as late as 1815 Hamilton wrote of Hooghly, 
Howrah and Burdwan districts, which area is now one of 
the worst as regards health and impoverishment of the soil, 
as follows: “In productive agricultural value in proportion 
to its size, in the whole of Hindusthan Burdwan claims the 
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first rank and Tanjore second”. In her eastern parts, where 

she is being nourished by her rivers, Bengal still continues to 

be prosperous and healthy. Even in the rest of Bengal there 

is no dearth of water resources, but the growing deterioration 

in the health and jjroductivity of the soil has to be traced 

to their faulty distribution. Through in some streams more Progressive 

water flows than is necessary, frequently causing disastrous 

floods, and at other places decrease in flow through natural ai^tribntion’of 

waterways has caused serious deterioration, in many cases wator resources. 

rendering them even incapable of draining the countrA^sid(^ 

Indeed many of these streams which were originally iuteiul- 
ed by Xature — this is a phenomenon i)ec uliar to deltaic area 
— to spill over the* land whitdi they traverse, and keep it in 
health and plenty by supplying the rich silt of the (langes, 
the Damodar, etc., have now been c(»n verted into stagnant 
pools of water, providing excellent breeding ground for 
mosquitoes, and many a district of Bengal, specially, in tbe 
centre and in tbe west, has been rendered exirenudy un- 
hoaltliy w’ith steadily decreasing population and with land 
gradually going out of cultivation. 

00. This faulty distrihution of the available water Faulty distribu- 
resources wlii(‘h has brought about the present deplorable du© to 
C(»ndition is attributable partly to human interference with , 

the natural process of building up of the delta and partly Il^turartwis^ 
to natural causes. I have already mentioned in the course 
of my lecture on the inter-provincial aspect of our river 
problems, how’ human interference in the shape of extensive 
deforestation, soil denudation, etc., within the catchment 
basin, mostly beyond the borders of Bengal, is not only 
tending to raise the flood level and diminish tlie dry weather 
flow but is also causing rapid deterioration in the river 
regime by bringing in more silt than wdiat the flood current 
can transport. The most prominent instance of human 
interference wdthin the borders of Bengal whicli has mainly 
affected the rivers of groups II and III above, is to be found 
in the flood einbaiikments mainly in Western Bengal but 
partly also in Central Bengal which, by cutting ofp tlie flood 
spill and depriving the land of natural manure, have killed 
the network of natural spill and drainage chajinels within 
the area and have brought about the present deplorable con- 
dition. The natural causes have mainly affected the rivers 
of Group I which, owung to the diversion of their original 
eourses and consequent deterioration of the natural spill and 
drainage within the areas, as will be explained below, have 
caused serious deterioration in health and in the produc- 
tivity of the soil in Central and Northern Bengal and in 
parts of Mymensingh district. 

5(). There is no dearth of natural hydraulic resources. Solution lies in 
In fact, Bengal has been higlily favoured by Nature in this mor© equitable 
respect. Her rainfall, though somewhat erratic in its distribution of 
distribution in her w estern parts, is normally quite adequate ^bo fl.bundant 
to meet the requirement of at least the khariff' crop in other 
parts and she can count on abundant monsoon floods to Bengal. 
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iiotirisli lier soil wiih fertilizing’ silt and to kill the malaria 
lurvfP if (»nly Ihestr floods eould be properly distributed. A 
more equitable disTribulion of her water resources is thus 
vitally needed for the rural development in Bengal. I now 
propose to go into the (piestion somewhat closely dealing with 
ea« li group of the riv(»rs separately and examine a rtqmisenta- 
tive type of each group in detail. 


Major (rhanges 
in tlio j-ivor 
con rscs- - 1 1 a t.i i rul 
caiiHo of 
dotorionition. 


oT- /firrt-.K of (troup I — Perf^nninl rircrs — Mojor rhonf/rs 
In ihrlr rourscs . — The areas wlsieli have beiui adversely 
atfeel(*d mainly due to natural ermses, i.t-., by major tdiaiiges 
in tlu‘ eoiirses of tbt* rivers oT lliis grouj>, are (1) North 
l>engal due to the diversion of the Teesta towards the end of 
the JSlIi eentury (I7*ST), (2) portions of Mymensijigh and 
Dacca districts due lo the diversion of the main IVrabinaputra 
through the luesein Jamuna channel in tlie earlier part of 
the l!bli cenlury and (T) (’entral Ihuigal due lo the diversion 
of tli(» (bang’es through the Ibulma sometime towards the 
l)eginning of the Ifitli century. Tliere is no controversy as 
regards the changes in the courses of the Teesta and the 
Biahma]>iitra rivers as they oecnrred comparatively recently 
and can be deflnitely proved by reference to Kennel’s maps 
which were prepared earlier. 
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North Bengal. 

58. Diversion of the Teesta . — Kennel ininle his survey Divemion of the 
l>€‘tween 17(i4 and 1777 and liis maps are the earliest Toosta—catw 
authentir maj)s of Ken^-a] in existence. In these maps the 

Teesta (])rol)al)1y derived from Trisoia or flowing*: in tliree 
channels) is shown as tlowin^^ through North llenjral in 
several hranches — Purnahlialm, Attn^yi, Kanitoya, etc. All 
these streams eombined lower down with the ^^lahananda, 
now the westernmost river in North Kendal, and takin**; the 
name of Hoorsa»'or finally discharged into tJie (janges at 
flaffarganj near modern Goalundo. The Hoorsagor river is 
still in existence being the combined outfall of the lloral, a 
spill channel of the Ganges, the Attreyi, the Jamiina or 
Jamuneswari (not the main Jamnna through which the 
Krahmaputra now Hows) and tlie Karatoa, Imt instead of 
falling into the (ianges, it falls into the main Jamnna, a few 
miles above the confluen<*e of these two rivers at Goalundo. 

The Jbirnabhaba is now a tributary t»f the MahaiVanda and 
the latter river in* longer fi(»ws through the Hoorsagor hut 
has an indepemdeiit outfall into the Ganges near (lodagari. 

59. It will be seen from ilie above that the Teesta with 
tile hel]) of her several brandies and the Mahauanda built 
up the North Hengal. Having regard, however, to the larger 
tract (»f land comprised within North Bengal, it seems 
jiroliable that: some other rivers also helped in Ihe jirocess 
ill the olden age. In this conne(*tion it would be interesting 
to refer to th(‘ valuable jiaper read by rlames FergiissOii 
before the Geological Society of Tjoiidon in. 18()3. lie re- 
produces Renners map of the rivers in Bengal showing 
therein the probable changes whirdi occurrt^d in the courses 
of some of them before Renners time and since. Acc'ording 
to Fergussoii the Koshi, whicdi now falls into the Ganges 
near Bhagalpur, used to flow through North Bengal and 
combine w'ith tin? North Bengali river systifin referred to 
above in their lower readies. The Koshi, therefore, might 
have contributed to the building up of the southern portion of 
North Bengal. Again, Fergussoii hints at the possibility of the 
Brahmaputra flowing tlirougb North Bengal once before, i.e., 
before its travel eastw-ard through tlu^ Mymeiisingli district 
to inetd llie Meglina. Having regard lo the fact that changes 
in the courses of deltaic rivers are not only inherent in their 
conditions of flow but necessary for building and raising of 
the delta as explained before, T also think that Fergussoii 
is ])robal)ly correct and that tlie Brahmaputra must have con- 
tributed to the building up of North Bengal even in the 
olden days and not only since its last diversion through the 
JamuTia which occurred only comiiaratively recienlly. We 
ant starting a contour survey of North Bengal shortly and 
when the maps with the levels noted therein are ready, it 
might be possible to obtain evidence on a sidentific basis in 
support of this Iheory. 1 shall explain lat-er in the course 
of these lectures how country cross sections in deltaic area 
provide indisputable evidence as to the positions of abandon- 
ed river courses, their width when active, etc., etc. 
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Lastly, since the main volume of the Ganges flood began 
to flow tliroiigh the Padma (channel early in the IGth century 
this latter river also must have been helping in raising the 
wuitlieru portion of North Bengal. This probably explainsi 
the existence of the vast depression round about Chalan Bil 
in Itajslialii and Pabna districts which, it seems to me,. 

the boundary as between the land raised from tho 
north by the Teesla river systems when they were active and 
that from the soutli by the Gjxnges. 


(iO. In 1787 there was a very high flood in the Teestui 
and it diverted through an old abandoned course eastward 
and joined the Brahmaputra near Bahadurabad . Tin? diver- 
sion appears to have been effected suddenly as will be seen 
fri»m llunter’s statistical accoujil of Bengal (Volume VII ^ 
page 105) as quoted below: — 

“In the destructive floculs of 1104 B.S. or 17iS7 A.l)., 
which form an epoch in the history of Bangpur, the stream 
(Tista) suddenly forsook its channel and turned its waters 
into a small branch marking aji ancient bed of the same 
river; running south-east into tln^ BraliiiUipiiira, it forced 
ii.^ way through the fields and over the (‘ounliy in every 
direction.” 


01. Before the diversion Tee.sta used to discharge her 
waters through the Fiinarbhaba (a tributary . of the Muha- 
nauda), the Atreyi and the Karatoa which used to fall into 
the Gauges. Tlie large number of spill and drainage 
clianiiels which intersect the Northern Bioigal were, in con- 
sequence, allowed to continue tlieir heneficeiit activities and 
the area was healthy aiul ]>rosperous. After the diversion 
of the Tecsta eoni])letely cutting off the head water-supply 
laden witli fertilizing silt from the Himalaya, these chanueis- 
are gradually deteriorating bringing iu their train water- 
liigging due to inadequate drainage and progressive detcriora- 
;ion (jf the country us regards liealtli and produetivity of the 


River problem t>-. 1 confess xve know very little about North Bengal 

in North Bengal and data are lacking. Steps have, h(»wever, been taken to 
and itfi solution, start contour survey and collection of other essential data 

and after these are ready, it will be possible to state Hie 
problems and indicate tbe solution more definitely. The 
prohJimi appears to be that being deprived of the silt-laden 
spill of the Teesia flood th(?re is growing deterioration in the 
drainage system, in x^iblic health and produetivity of the 
land. Another cause of deterioration of the drainage system 
is that due to the lack of pressure of upland water from 
above, the outfalls of the North Bengal rivers are being 
gradually chocked by silt due to the back rush of the floods 
in the Ganges and Jamuna. As mentioned before, the vast 
depression near about Chalan Bil probably defines the 



31 


houiiclary between the land raised {r(»m the north by the 
Teeata river system and tliat raised from the south by the 
flood spill of the Oan^ares and the Jamuna. Since tlie diver- 
sion of the Teesta the former ])ror‘.esa is my longer in opera- 
tion, hut the latter, on the other liand, is inereasino* in in- 
tensity due to hi<?[»er and hi«^her flood levels in these rivers, 
tending to revetse the direetion of couniry^a drainage. The 
result is that not only the North llen^al rivers are otiahle 
efficiently b) dispose of the drainage, due to loeal rainfall, 
but whenever the (langes or the Jamuna is in hiph floods 
there is acute distress caused hy thiui* fliMxl spill enterinj:!^ 
the af>ov(» depression and no relief is possible till long after 
the flood season. The solution lies in the restoration of the 
old (‘ondiiion as far as j)ossihle, that is to say, resuscitation 
of the river system and diversion through them of a portion 
of the Teesta flood which is now not only running to w'aste 
iiit(» tlie Hrahmapiitra but causing extensive flood damages 
and erosion on either iuinics of the Jamuna. This will enable 
the land to recoup its productivity with the help of flushing 
by silt-laden floods and the drainage system will also bo 
maintained in efficient (rondilion with the help of the <dear 
spill water draining into these channels after depositing 
the silt on the land. Till after the contour survey is ready 
it is not possible to say if extensive land flushing, which 
alone can improve tlie productivity of the soil, will be 
possilile. But it should at least he possible to effect an 
improvement in imblie licalth by improving the drainage 
system. 


Mymensingh district. 

Off . — Diversion of the lirahmapulra . — In Kennel’s maps 
the old Brahmaputra flowing past Mymen.singh into the 
Meghna is shown as the main clianiiel and ali>iig the present 
Jamuna channel through wliicli the main Brahmaputra flooil 
now flows, is shown a stream of miiujr importance, jirobably 
the Eouai-Jenai which was presumably a spill channel of 
the Brahmaputra in those days. It appears that being 
reinforced by the Teesta flowl since its diversion in 1787 the 
Brahmaputra was no longer able to accommodate its w^aters 
in the old Brahmaputra channel flowing eastward past 
Mymensingh and began to r ut out a new channel for the 
additional water more or less along the Jenai and finally 
su(!c.eeded in develojiing this channel sufficiently to he able 
to pass practically its entire flood discharge fhr(>ugh the 
new channel, called the Jamuna, at the expense of tlie old 
channel. Unlike the diversion of the Teesta this change dirl 
not take place suddenly but extended over several dormdes 
as can he judged from the old records. Buchanon Hamilton 
visited the area in 1810 and remarked that the Brahmaputra 
“threatened to carry away all the vicinity of Dewaiigunj 
and iierhaps to force its way through the Konai into the 
heart of Natore”, The subsequent diversion took place at 
Dewangunj and Buchanon’s statement proves that even in 
1810, i.e., 23 years after the Teesta joined the Brahmaputra, 
the diversion had not taken place. 


Div oraion of the 
BrahmaputFa— <• 
caiiae of 
tlotcrioration in 
Mymensingh and 
ofistcMTi portion 
of Dacca diatrii t. 



64. Major Hirst states in his report on Nadia Rivers, 
1915— 

“Lieutenant T. Fisher was employed upon survey work 
in Sylhet between 1824 and ISUO. In 1824 he was ordered 
to examine the old course of the Brahmaputra from the Jenai 
to Daodkandi in Tippera, and report why the former was 
drying" up. Thai is, nearly 40 years after the Tista flood, 
the old river was found to have dcjj.eriorated sufficiently to 
have (saused serious coiuinenl and inconvenience, and it is 
clear from this that the desertion of the old channel was not 
hasty, hut deliberate.” 

Major Hirst concludes that the diversion in question 
probably took place in 18W, i.e., 43 years after the diversion 
of the Teesta. 

lie attributes this diversion to tectonic activity as he says 
in the report quoted above — 

“A glance at Plate 5 will show that the long axis of 
I3io(‘k I V of the old alluvium (Mudhupur Jungle Tracts), if 
extended northwards, would di]> under tlie bed of the old 
Brahniaputra. It lias bc?en stated alrt^ady that old alhiviinn 
dips away from such blocks as Xo. IV. If Block IV rose, 
the bed of the old .Brahimqmtra on the north would rise. 
Tliis is what 1 believe hap}jened, with the result that the 
B’rahmaiiutra was forced slowly into the present Jamuna 
course, which incidentally lies in the direction of the great 
fault descrilH'd in Chapler TV. That fault operated and 
subsided ; Bloch IV was raised and its long axis at its northern 
end, hy raising the <dd Bralimaputra bt'd, diverted ihe river 
to the fault line.” 

bo. Tills theory has, liowevcr, heen disputed hy the 
Geological experts Messrs. Hayden and Pascoe in their joint 
nohi referred to hifloie and also hy Mr. T. H. D. Ha Touche 
of the Geological Survey of India in his paper published in 
the Geological Magazine, Volume Vll, 1910. 1 quote below 

relevant extracts from this pa])er as it throws light on several 
important points in connection with the changes in the 
ci)iirst?s of rivers in Bengal. The explanation given by 
Mr. La Tonche for the diversion of the old Brahmaputra is 
practically the same as what an Irrigation llingineer would 
oflfer as 1 have already ex])lained in ihe course of my previous 
lecture on ihe formation of the delta. I shall also revert to 
this point later while exiilaining the diversion of the Ganges. 

Relics of the Great Ice Ar/e in ihe Plains of Northern Indies 

htj T , If. />. Jm Touche^ Geological Snrvei/ of India. 

Tliroughout the valley of the Ganges and its tributaries 
patches of what is known as the ^older alluvium* are to be 
found, rising to a considerable height, often as much as 
1(K) feet, above the present flood-levels. This alluvium is 
generally to bo distinguished from the later river-silts by 
its colour, which has given tlie name of Uangamati (colour- 
ed earth) to so many villages in Bengal and Assam; and 
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by its eontaiiiing* ((uantities of the peculiar nodular form of 
limestone known as ‘kiinkur* the pres<Mi(‘e of which is in 
itself a si^ii that tlie deposits are of consideralde antiquity, 
for it owes its ori«>*in to the slow accretion of particles of 
carboiiale of lime dissolved out of the slightly calcareous 
sediments by percolatin'^ water, and ivdeposited in the form 
of nodules as the water evaporates. 

Due of the most conspicuous instances of this old alluvium 
is tile elevated traet known as the Madhupur juiip'le, extend- 
to the north of Dacca between the present channel of the 
llrahiviapuira and its old course into the ]Mcf»‘lina. The 
soil of this tract is stiff red clay, evidently an old river-silt 
but raised to a lieip'ht of some G() to 1(H) feet abovts the Hood- 
levels of the rivers on either side. Several other jiatches 
ocf*iir in the. lower tlani^es valley, but as Ave awsceiid the river 
and its tributaries into the United J’roviiices and lliindel- 
khand we find that this older alluviuiii is almost universally 
distributed, ami lias a distinctive name, that of M)baii<jfar* 
in contrast with the IcuA’-lyinj^ ^khurdar’ or st.iaibs aloii**- the 
river-c-ourses, and that it bears every sip^n of bein;^ in a 
state of rapid eiosion; tliat it belonprs in etVect to a condition 
of tliin«*s that lias now passed away, when the rivers probably 
possessed a iiiin*b «^*reatt*r vtvluim^ of wal.er and brou^dit down 
correspond ill p’ly <»rt?aicr quantities of silt. 

*««««* 

It is always a soun^e of satisfaction to the j>*eo]of»isl, or 
incb‘i?d to any sc.ientitic man, when lie finds Uiat a theory 
intended ' to explain a ccMdain sericjs of facts can be used 
to clear up difficulties tliat may surround another semes of 
equally Avell-ascertaiii<‘d facts. The changes of the cours^^s 
of tbc' rivers of Dower Jh?n<;-al have for a lon^- time exercised 
the minds of surveyors, en«yincers and p:c‘ologists and various 
ex jilanations of them have bt*en put forward, c‘S|)tM*ijilly of 
the comparatively sudden desertion by tlie llrahmai>utra of 
its old channel, which ran to the east of Dacca at the 
be«:iniiiii"‘ of the last century. This problem was first 
seriously attacked by Mr. Ferjrussoii fifty years a«o, and 
partly turns on thc^ (|ueslion of the ori«*iii of the edevatt^d 
tract of prouiid 1 have already mentioned, the Madhupur 
junp:le. He attributed it to a special ufilieaval of that part 
of the delta which deflected the llrabinaputra into the 
Me^>rhiia and the jhetds of Sylhet. Hut we sliould have to 
apply the same; reasoning to other patches of the? older 
alluvium, and it is difficult to supjiose that each of them is 
due to a specdal ujiheaval ; moreover, one would think that 
an upheaval in that particular place* would he more likedy 
to force the Urahmaputra w'estwarcls tlian deflect it to tlie 
east. Nor does it account for the fact that the llrahuiaiHitra, 
now^ a much lai^er river than the Gan<^es, allowuMl itsedf 
to_be pushed aside in this way; or that, eonsidoriiif** that it 
bringrs down very much more silt than the Gan«rt?s, it should 
have done so little towards^ fillings up the Sylhet jlieels. But 
a study of the present river courses will, I think, throw 
some further lig*nt on the subject. 
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The Dihanff, which, as is now universally admitt^, 
hrin'»'e down tlie waters of the Tsanpo of Tibet into the 
Brahmapulra, is not, I think, the oriffinal mam channel of 
the latter, but was until quite recent times, a mere tributary. 
It i? only within the last thirty years that it has been proved 
beyond doubt that the Tsanpo is connected with the Brahma- 
putra, thoug-h Itennell was the first to recognize that it 
must- he so in ITtio, (_)nly a few days ago J saw a modern 
atlas in which the Tsanpo was shown as flowing on eastwards 
into the Salween. Now it is not at all unlikely that, at the 
period I have been speaking of, the Tsanjio either flowed 
westwards, as Burrard and llayclen maintain, and escaped 
through the Himalaya at some other point, or lost itself in 
the deserts of Tibet, and that then the Dihang w-as a mere 
tributary of the Brahmaputra, but that it has since cut back 
at its head into the vallev of the Tsanpo and ‘beheaded’ it. 
If th is WHS so, 1li<* Brahiiuiputra must Lave been a com- 
paratively small river at that lime, and it is not siirprisinfr 
that in its Lnver course it was pushed aside by the aliiiviuui 
brou^Li down by the tlano'es and its Iribuiarios. Indeed it 
may be that iLe Madliupur jun<^le is a relic of tbe old delta 
face of the Gan^'es, and that to the east of it, at that time, 
ibercf was t>pen water, reaching perhaps up to the fool of 
the Xhasi Hills; in this way I w'ould account for the back- 
ward state of the part of the delta. But when the Ditian;»* 
hehea<h‘d the Tsanpo, and brou*»'ht down this enormous 
accession of water, the Bralimaiuitra hog*an to assort itself. 
At first it could do little, for the ac<‘umulation of alluvium 
in its path was too ^Toat to he .swe])t away, and it had to he 
content with its old course into the Me^-hna ; but it bad a 
treaclierous ally in the Teesta, wliich had o’radualW been 
sax^pin^* tlie defeiu*es of the (.lan«»-es. The Teesta, wanderiiifa: 
from side to side «>ver the old alluvium south of its exit from 
the hills, sweiit it away hy decrees, weariiifT^ down the facie 
of the country lo the wc.st of the Madhuxmr xunfji’le, and in 
coiirst* of time <jpeiu*d a ]>assa^e for the spill-water of the 
Brahmaputra down the Jennai river. 

Finally the Teesta, frankly desertinji^ its lawful vsoverei^n, 
file (_uni«»-es, threw itsfdf suddenly ('tin’s hai>]>ened so recently 
as 1787) into tlie Brahmaputra. The effect of this was not 
at first noticeable, but it is probable tliat the extra silt 
broufjrbt down by tbe Teesta was too much for the Brahma- 
putra to deal w’ith hampered as it w-as already by the 
daiiimin< 4 * back of its waters by the Mexyhna 
as the latter slowly raised the levcds of Sylhet, and 
that the tw'o allied rivt^rs w^ere compelled to find a new 
channel. The insig:nificant Jennai offered the means of 
eseax^e and its bed was occupied about one hundred years 
ago. 

The struggle that then began between the Brahmaputra 
and the Ganges is still in j>rogress and issue was joined so 
recently almost within the memory of men now' living that 
we cannot suppose that it has yet l>een fouglit to a finish. 



t)r that developments may not take place that will have far- 
reachin^ effects upon the future history of Bengal. The 
Brahmaputra, being the more powerful river, is not likely 
to rest conieni with the advantage it has already gained. 

Up to the present time, indeed, it has not been able t(» exert 
its full strength, for it (‘.an not do so until it has brought the 
level of the Assam Valley to the state in which it would 
have been had the valley been originally excavated by river 
•of the size and ]iower of lln^ present Brahma])utra. As it 
IS iiiucdi of the force of tiu' river, wlien in flood, is spent in 
the low ground flanking its course; but when this lias been 
brought to the tnu* ‘regime’, there is no doubt but that the 
river will be abl(‘ io show its rt'al strength with mim> effect 
in its lower course, liven in it had suc(;eeded in 

danuning back I be t/anges to siudi an extent near the (con- 
fluence that the latter wa^ fordable at several places above 
(loalundo, and was cniii])elle(l to seek for a new exit to the 
sea. The Gorai, which leaves the Gaiigt^s at Ivusbtia, was 
enlarged from a iiKue (crci'k nnabhi io float a vessel drawing 
more than a foot or two of water, as lieiinell found it in 1701, 
io a bniad and decji river, now the principal steamer route 
from (bxlcutta to the T'pper Ganges. What further devedop- 
inenls may tak(i place we cannot picdict, but it is possible 
that their influence may b(- felt still higher up the (ianges, 
and may oven extend to the Talangi or the Bhagirathi, and 
so affect the welfan* of Calcutta. T!ie mitigation of any evil 
effects tliese cliang(*s may liav(' is a mattiu* for the considera- 
tion of engineers. If tliey become acute sonudhiiig might 
be doiK' to assist the (uinges by imiucing the Tista to r4diiru 
to its old allegiuiK'e ; but the forces ('xerti‘d by siu*h vast 
luulies of moving water are so prodigious that it is unsafe 
to s])Oculate without a complete knowledge of the facts.*’ 

(it). As a result of tin’s diversion the old Brahnia])uti*a Tho 
Iw^gan to deteriora1(‘ rapidly and its pre.sent condition is that 
even at the top of the flood its discharge liardly exceeds 
80,01)0 cusecs as compared with the discharge of the order 'if 
well over 2,000,000 c*usecs which now flows down the damuna 
channel; while; during th(^ dry season it gets cut oft* from the 
main cfiannel and runs practically dry exce])t for a. small flow 
contributed by percolation through the sandy bed at its off- 
take. In consiMpience there is growing deterioration in xhe 
drainage system, in health and jirodiudivity of the soil in tho 
Mymensingli and eastern portion of Dacca district which were 
originally Imilt uji and fertilized by this riv(*r. About this 
river also the Irrigation Department ])ossesses V(»rv little 
information, but the (jovernimuit have accejiled my recMun- 
mendation and a division has been formed at Mymensingb to 
study the jiroblems ])reseiited by this and other rivers in 
Mymensingh and Dacca districts and in Chittagong Division 
and devise measures for necessary improvement. Restora- 
tion of the old conditions of flow will probably he an impos- 
sible task, but it might he possible to improve the old 
Brahmaputra and the connected drainage system sufficiently 
for the purpose of improvement in health and agriculture. 
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Diversion of the 
Ganges — clause 
of deterioration 
in Central 
Bengali. 


Canal 

regarding tlie 
origin of t jio 
Bhagirathi 
untenable. 


Evideneo in 
support of the 
established 
theory that 
the Bhagirathi 
was the original 
course of the 
Ganges. 


G7. /?/ reraian of the Ganges , — As regards the Gauges it 
seems t() have been an admitted fact hitherto that the Hhagi- 
rathi originally constituted tlie main course of the Ganges till 
the end of 15th century wlien the main channel was diverted 
along the pres(*iit Padina channel. But in recent years this 
view has been tdiallenged by late Sir William Wii(*ox, who 
in a lecture delivered before the Calcutta TTiiiversity in 1930, 
has propounded the rather extraordinary theory that the 
Bhagirathi and other rivers in Central Bengal were originally 
really (‘anals excavated l>y the old Hindu rulers of Bengal 
for the i»urposes of overflow irrigation. 


As the cliallenge has come from a delta Engineer of <he 
reputation of Sir William, it seems m^'cssarv to examine lliis 
])(>inf somewhat in detail. 

08. A glance at the map of Bengal will show that the 
extension oi the? delta towards the sea is the maximum at its 
western end, i.e., along the TIooghly estuary and the minimum 
at ils easiern end, i.e., along tlie Meghna estuary, the present 
oulfall of the (ianges. This is in spile of the faet that the 
Meghna estuary is also reeeiving the flood of the Brahma- 
putra which, since her connection with the Tsan Vo of Tibet, 
Js nnu'h larger in volume than that, of the Ganges. . This 
ought to serve as a eonelusive evidence in sujiport of thc% 
established theory that the main volume of the (iang(»s flood, 
which eonstitutes the main delta-builder, has been j)assing 
down thti Ilooghly estuary for a much longer period than 
along the Meghna estuary as at present, unless it can bo 
proved that th<*re were <»th(T dclta-buililers discliarging into 
the Hooghly and (fontig-uous estuaries to the ea.st, floods even 
larger in volume than that of tin* Ganges, Jlrahmaputra and 
Meghna combined. Sueb a river does not exist ami coiild 
not have jiossihly existed in the ]ueseiit Geological epoch. 
Taking' the i)resent Geological disposition of watersheds and 
considering the present meteorological conditions, such a river 
or rivers could have drained only an average rainfall of about 
50 inches from the catchineiit area of about !25,0()0 sejuare 
mil(^s, whi(*h is roughly the (‘ombined cairliTuent areas of the 
rivers of Western JJengal originating from the (^hhota Nagpur 
and Sonthal Parganas hills. As compared with this, the 
Ganges alone drains an average rainfall of 42 inches over a 
catclnnent area of about 350,000 square miles and ihe 
Brahinajnitra, <^veii before her connection with’ the Tsan Po 
of Tibet, had a very large cabdinumt an»a in the submontane 
region of Assam with an average rainfall of about 88 incheH. 
Aecoi-fling to Sir William Wilcox the south-western portion 
of (^Mitral Bengal was built up by the Damodar. That this 
theory is not al all tenable will l>e aj)parent from the faet that 
the IJaniodar has a (-atchment area of only 7,200 square mili^B 
with an average rainfall of about 50 inches. Its maximum 
flood discharge is only 650,000 cusecs as compared with 
2,00O,(K)O cusecs of the Ganges. Floods of this order again 
occur only at long intervals (1913 and 1935) and are short- 
lived, not lasting more than 2 or 3 days at a time. The 
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average flood diseharKe of tho Dauiodar and all tlie western 
streams combined will be a mere fraction of that of the 
Ganges. 

60. Among other evidences in support of the estahlished 
theory the following may ho mentioned: — 

t f/iONs aN<1 t nif! tf loiinl eriflenre, — Pnjin the Mytho- 
logical jieriod the Hindus have been ciuisideri ng the Gauges 
as sac'red and people hy thousands have been going on 
pjlgriniage to j)laees on ilie liauks of tlie (ianges, such as 
Navadwip, Katwa, Tribeni, a few miles above llooghly town 
(also c-alled Mukla Heni whi^re the Ganga, Janiuna and 
Saraswati, whieli w'ore united at Allahabad, wc^re scjairated), 
Kaligliat and (jranga Saugor, all on llu‘ Hhagiratlii or the 
Hoogbly bcdow the present oITtake from the (Tanges. No 
such sanctity attaches to the Padma below tin* lihagirathi 
otTtake nor is tliere any ]>laec of jdlgriniage on her banks. 
(A ./y. — IMa.jor Hirst lias desalt with tin’s matttu* inoie fully 
ill bis rc'pnrt “Nadia Hi vers, 1615.’*) 

// isforicftl eriitrnre . — Pliny <116 A.D.) and Ptolemy 
(140 A.D.) iniviition Tribeni referred to above. Arrian 
(Itil A.D.) refers to Katadu])a or Katwa. (Notes by Mr. KeaUs 
juiblished with the re|iort on the Hofighly river and its be id 
waters.) No such places of antiquity are found on the banks 
of tile l^adina. 

1 am also inforim^d by my brotlnu' Dr. H. Majumdar 
of Dacca University that there is indisputabh* historical 
evidence — for instaiict*, tlu^ Khalimpur Pojiper Plate of King 
Dharmii])a1a (7SO-8!jO A.D.) — to show that the Ganges, (*ven 
above Hajinabal, w’as also called the Hliagiralhi in the olden 
days. The l^adnia has never Iieen calh»d by this nami‘ ; l>ut 
the western bramdi is still called the Pbagiratlii thus estab- 
lishing the iKiint that the latter was really the main course 
of the Ganges and that the l^ldma (if it was really in existiuKH? 
then) was either uneoniie<*ted with that river in the tddtn 
days or it aa^s a branch not largt? enough to claim the honour 
of lK‘aring the same name AA’ith the main river. 

70. it is also a niattei of history that Gaur on the Hhagi- 
rathi Avas capital of Heiigal till tovvar<ls the beginning of the 
16th century, and I <iuote the following from Major Hirst’s 
report on “Nadia. Hivers, 1615” to shoAv that Padma could 
not hav'e existed in those days as a branch of the Ganges nr 
even if it did exist, it mu.st huA^e Ix^eii a comparatively minor 
channel, as otherwise h«>th the up])er and lower reaches 
sejiarated by tbe Padma could not have been named as Hhagi- 
rathi as AA-e find it up to the present day: — 

“The upper Bhagirathi (Gaur arm) meets the Ganges and 
the l^idma at the place where the Ganges loses its name. 
The lower Bhagirathi (upper Hooghly) CMuanates from the 
present Ganges on the south bank practically opposite the 
mouth of the upper Bhagirathi. The alignment of the upper 
and lower Bhagirathi streams is e.ssentially one which a river 
would follow and the only portion of the alignment that is 
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missing is occupied by the main bed of the Ganges. From 
this facjt it is clear that if the upper Bhagirathi was the main 
Ganges originally, and the history of Gaur proves that point, 
then the Padma as a main river is a more recent channel 
than the Bhagirathi, upper and lower. ’’ 

71. Major Hirst further reports that: “There was a 
severe carthquaive in 1505 A.D. and shortly after it, the 
Gauges left its old course j)ast Gaur and retreated southwards. 
The cause of this great <*hange is not known, but it may have 
been due t(» earth niovenients betwt^en the old alluvium of 
Malda and Ghhoia Nagpur outliers.'’ In fact, Major Hirst 
attrii)utes tlie major cliaiiges of the river courses in Bengal 
to T(M*tonic activity wJiifdi theory has not, Iiowever, been 
ac(‘eiit(‘d by the Geological experts (Messrs. Hayden and Pascoe 
of tile Geologic al Survey of India, vu/e Kejiort on llie Hooghly 
River and its Head Waters, 1910). 

72. But it does not seem to be necessary to rely on 
Tectonic actiyity to find an* explanaticm for the changes in 
the courses of rivers in deltaic Bengal which st?om to bo not 
only inlierent in their very nature but net'essary for the purpose 
of building and raising of the delta as 1 have already 
ex|dained in the course of my lecture on the formation of the 
delta. 

Ill the ]iroc<»ss of building u]) the didta th(‘ river has a 
tendency to oscillate within wide limits; first tlowiiig in one 
side and after the rijmrian tracts liave been raised to a certain 
extent, it bursts through its hanks and o]»(‘Hs u]) new channel 
through the compaiatively lower areas of the c,ontiguoiis tract 
and so on. After these latter areas have been raised suflicient- 
ly, the jirocess is reversed to raise still higher the tract which 
has been raiseil before. This is jicrfecily consistent with tlie 
natural condition governing the flow of a river whi(‘h, follow- 
ing the immvitahle hnvs of Nature, always tends to take the 
line of least n‘sistance. The lower land not only gives it 
better hydraulic sl«>pe hut, by providing better fa(‘iliti(»8 for 
spill and cojisequeiilly abstracting large portion of its. silt 
burden, hel|)s lo maintain the river in a more efficient condi- 
tion than if it has to pass through higher land. 

7-1. It seems to me that before the diversion of the main 
volume of the Ganges flood through the Padma channel east- 
ward tht*n* two major river systems functioning more or 

less independently in huihling and raising the deltaic tract 
in this j)art of Bengal west of Madhupur jungle, viz., the 
Ganges system operating mainly in (■eiitral Bengal and the 
Teesta system ojierating in North Bengal. At an earlier stage 
the latter was reinfon-ed by the waters of tlie Mahananda 
and the Koslii and at a still earlier stage perliajis also by the 
Brahmaputra before her travel eastward to the Meghna when, 
i.e., before its connection with the Tsan Po of Tibet, it was 
of course a much smaller stream than it is now\ These North 
Bengal rivers had a combined outfall into the sea probably^ 
through the Meghna estuary. Ilennersi maji which was of 
course prepared several centuries after the diversion of the 



Oang^es when the Padnia channel was definitely established, 
shows this conibiiied outfall as Hoorsaprar river iinH'tinfjf the 
Padiiia or the i>resent (jran^yes above (xoaliindo, a little to the 
North of the xjresent confluence of the Jainuna and the 
Oan^es. Another branch, in a direct line with the above 
coinbinc^d outfall, is shown as flowings past Dacca into the 
Meg*hna more or less along: the ]>resent Dhalleswari-Durig'ang'a 
channel. ^ Tin’s latter river was probably the lower section of 
the combined outfall of the North Dong^al rivers in the old«*ii 
days. Padnia or I^adiri.avati was probably in existence thcui 
and mig’ht liave been in existenee even from the bog:iiinin, 2 r 
constituting* tlie isisternuiost bran«*h of the (xaiig’es and flow- 
ing: more or less along; the course as shown hy Rtmnell, i.e., 
following; the course of tlie Dhnhaiieswar (»r the Arial Khan 
ns the lower ]iortion is now <*alle4l. It also niig'hl have ha 1 
a eonncfrtion with the combined outfall of ihi' North Ihmgral 
rivers as shown in llennell’s map. 

74. In fact, the existenee cif this coniieetion makes il 
esjsier to reeoiicih* thc^ sidentitii*, historical and ielig:ious 
cvidcujees in support of the ccmtention that the Hhagirathi 
orig-inaJly constituted the main i-hannel of tlie Iraiiges as 1 
liave ex]>lained before. The outfall of tlie Nortli llcng-.il 
rivc^rs carrying* as it did the coinhiiied flood (1ischarg‘e of the 
Te(‘sta system, tht‘ Mahaiianda and tin* Koshi proveil in those 
days to lx? a foiniidable obstacle in tlie way of the develop- 
ment of the Padnia. Specially, as tin* Te<*sta i*atchment is 
visited l>y the n)onso*m t*arlier, the Padmavati. when l>ring*inf^ 
her share of the flood from the (ranges, probably used to tiini 
tbe lower r<‘aebes of ber cliaiinels already oi‘CU])ied by ibat (d‘ 
the North lb*ng*al riv(*rs. This is a very common ])henoineiion 
tc) be observed in the case of deltaie rivers flowing* with a very 
flat gradient and similar striig;gle has V>et*n observed to be? 
going* on as between tbe (jraiig;es and the Bi'alima])ut ra^ since 
its (livt»rsioii thi*oug*li tin* Jamiina cliaiiic.*! . Mr. Ka Touche 
ill tlie ])a]ier <|Uotcd liefore observe*! “even in lS.‘tS it (the 
Drab tiia]uitra or the -Tamuna) hail succeede*] in damming 
ba.el\ the (Tang<?s l*> such an extent near the **oiifliieiu*e that the 
latter was fordable at s*‘vei*al jilacres above (roalun*l*> and was 
cojn]>elled to seek for a new outlet to tlie sea. I’lie (rorai, 
whi<*h leaves the (ranges at Kuslitia, was enlarged fr*>m a 
mere cr«M*k unable to fl*)at a vessel *lrawing; m*ue than a foot 
or two *)f water, as Reiinell found it in 1*04. io a broad an<l 
deej) river, now the princi]>al steamt*r route trom Calcutta to 
the upper danges.” 

75. (Jra<lually, liowever, the Koshi and then the Maha- 
naiida threw <»iV lli<*ir allegi**nce to the NortJi Dengal river 
system and established direct connection with the (bulges 
higher uj). Not only <lid this considerably weaken the com- 
bined outfall of the North Dengal rivers, but it also reinfon*ed 
tlie Padma whicdi eould then assert h*‘rself in her struggle 
■with the former with greater strength. I^astly tlie shifting 
of the danges course near daur referred to by Major Hirst 
by bringing the l*adma more in a direct line of flow, placed 
her in a more favourable position for draAving the Ganges 
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flood and as the natural tendency was also in her favour— 
the building* of the western portion of the delta having been 
more advanced than tlie eastern portion — she began to develop 
rapidly at the expense of the Bhagirathi and the other 
western l)ranclies. 

76. T hope this exjdanation w'ill finally settle this question 
as it can also ])e reconciled with the Mythological story 
wliich is given by Sir AVilliain Wilcox in the following 
words in paragraph 9 of his lecture "‘Ancient System of 
Irrigation in Bengal’^: — 

“The Alahabharuta tells us tliat as Bhagirath c followed by 
(ianga descended the (ranges valley, near tho head of the 
delta, Bhagiratli rested to eat liis meal; and (iaiiga, hearing 
the sound of Ihtdinavati’s shell, thought it was Bhagirath*s 
and fcdlowed her in lier eastern course down the Padma. It 
was tlien that Bhagiratli sounded his shell and (ianga recog- 
nised ht^r mistake. She retracted lier steps and w’ent 
southwards.” 

77. ])ivc?sted of the allegory it means that the Padma- 
vati has b<‘eii in existence since the ancient time and the 
statc'incuit “she retraced her steps and went southwards” can 
only inc*an that the Padniavoti c*ou1d not develop in ht^r east- 
wai'd course owing* to somc^ ohstacdc's^and (?onsec|uently it was 
then only a minor branch as compart'd with the southw*ard 
cliannel or the Bhagirathi. This is exactly what wcjuld follow 
from tlie explanation that I have given above. 

7S. Before I eoucliide this i»ortion of my lecture dealing 
with the major <*hanges in the eourses of the rivers T might 
as well refer to another imjmrtaiit eliange that occurred in the 
lower reai*hes of the (ranges sinee Itc'nnc'irs time. Kvon in 
Kennell’s time the (iaiiges did not meet the Aleghna about JiO 
miles above Cliandpiir as she does now, hut she used to flow 
more or less paralh'l to the? Aloghria practieally right up to the 
sea-face wliere she bifurcat€*d one braneh falling into the 
Meghna c'stuary and the* other, proliahly the more imjiortant 
one, had an iiide])endeni outlet into the* sc*a through the 
Tentiilia estuary flowing to the? w’est of the Dakhin Sabhazpur 
island. This ])(?rhaps gives an ex])lana1ion for the fac'.t, 
apjiarently difficult to explain, that Munshiganj stihdivision 
in the? J)ac*ca district lying on the north hank of the present 
(xangos, as also a jiortion of Madaripur subdivision now lying 
on tlie opposite hank uj» to the Arial Khan (lower reacdi of 
the (range's in Itenneirs time), though separated by this 
mighty river, are still called Bikrain]iur. It will be cleap 
from the above tbat when the country was divided into 
parganas, probably in Akbar’s time, these areas were not 
separated by the (langes as they are now but formed one 
compact blocdc lying bfdw'oen the Padma and the combined 
outfall of the North Bengal rivers. 

79. The crossi conneetion l>etw^een the (langes as shown 
in RennelPs map and the Meghna which divided the Bikram- 
pur pargaua into two parts and caused the changes referred 
to above developed since RennelPs time (about 1870) and was 
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given the name of ‘^Kirtinasha” because it destroyed the 
palaces and temples, etc., built by Maharaja Rajballav who 
was a prominent nobleman of Bengal and was also tlie Dejmty 
Governor at Dacca near about the time of the Battle of 
Plassey^ Incidentally it may be mentioned that the poet 
Nabin Sen has written a iH^aiitiful poem on the subject. It 
may be mentioned that there has been considerable change 
since then and the Ganges has shifted farther north and now 
meets the Meghna about 2i) miles above Chandjmr. In fact, 
this area can very well be descrilied as the play-ground of 
rivers and I have myself olwerved some imi»oriant changes 
since my student days. The Madaripur town which now 
stands on the Arial Khan about 2 miles below the outfall ef 
the Kumar at Cliarinaguria and which is being abandoned 
owing to vigorous erosion which lias already ^nit away more 
than half of the town, used to bo on the right bank of the 
Kumar which used to fall into the Arial Khan about 2 miles 
below Madaripur about 41) years ago. After crossing the 
Arial Khan we used to go to Palong, Ja])sa, etc., by a tiny 
channel called Angaria khal, barely 100 feel wide. This 
later developed into a big river called I^ilnng Nalla, two io 
three thousand feet wide, and remained as the main steamer 
route to the Ganges for many years. It has mw been 
deteriorating for several years ]>ast and is no longer navigable 
even by light draft steamers in the dry season and will pio- 
Imbly again slirink back to tlie size of the tiny Angaria klial 
which T saw when I was a hoy. Gnc may i.alurally ask 
“wliy this a])par(‘nt waste of energy!'' Is it because Nainre 
cannot work with i)recision or there is a purpose behind all 
tliese apparently inexplicable cbang«‘s. Proloiige.l lesearcb 
by means of nmdels may i)erhaps give llie answer day. 
Till then an EngiiieiT ean only make surmises ba 
experience, as owing to interaction of mighty iudeae 
forces no rational explanation is really possible in 
of many of these clianges. 


Central Bengal. 


so. Tliere is n<» doubt but that Ccoitral Bengal has been Central Bengal— 
•built up by the silt caniiHl by the in th.‘ the 

olden days, used to distribute ber waters uiaiJily throujrli before 

the Bliairab, and the Bhasrirathi winch, in the lower reaches, hor diversion, 

trifurcated into three brancltes at Tribeni a few miles above 
Hooghiy, vi/., the .Tiimuna, the Bliagiraihi (or llooghly') 
and the Saraswati. Since tlie diversion of the Ganges flood 
Ihitmgh the Padma channel, these rivers began to deteriorate. 

The Bhagirathi, which once constituted the main channel 
of the Gauges, now reinaiTis practically cut oif from, this 
river except during floods and even then tlie share of the 

Gauges flood it now receives is almost insignificant as com- 

pared with what used to pass before the diversion. In con- 
sequence, its western and eastern branehes, viz., the 
Saraswati and the Jamuna, are now dead and the Bhagirathi 
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also woiiltl probably have shared the same fate but for the 
rivers in Westerly Bengal whieh have their outfalls into 
this river and tidal tlnshinp* in the htwer reaches, wliich, 
thanks to the conservaney measures of the Calcutta Port 
Trust, is lu'ing’ allowed as freely as is possible. But in the 
u|)])er reaches, the river is fast deteriorating and even in 
the lower reaches its condition is not free from anxiety as 
furllier deterioration will Ihreattm tlie very existence of 
Calcutta as a port. The BJiairab also is now dead having 
been cut tlirough first by the Jalangi and then by the 
Matliablianga. Tliese latter rivers opened up comparatively 
recently after the d!V(‘rsion tif the (binges, hut tliey are also 
fast deteriorating (partly due to arlificial interference) and 
though not completely dead yet, can no longer draw' sufficient 
water from the (iaiiges to be ablt^ to spill over the land nor 
U) keep their distributaries alive. The large number of 
distrihutary cbannels, such as the Nabaganga, the Chitra, 
Kobadak, Betna, Kodla, etc., which used to distribute this 
spill over the entire urea have also died or are dying result- 
ing not only in tlie progressive impoverishment of the soil 
hut acute difficulty in drainage and w'ater-logging. Practi- 
cally the whole area traversed by these cbiinnels is higlily 
malarious and ow’iug to the lack of sw'ect water-supply in 
the dry season from above, the salt water limit in their 
tidal reaches is extending higher and higher up the delta. 
In fact, the increased salinity of the water of the Hooghly 
river on which the <‘ity of (hibmfta is dependent for its 
water-.sup])ly is already causing serious concern to the Cor- 
poration of (.\ilcutla. It may be mentioned here that the 
West Bengal rivers contribute very little su]>ply of I'resli 
water to the Ilooglily during the dry season and as their 
connections with tlie Ganges also remain cut off then, the 
only source of su])ply of vsweel water for these spill cliaiinels 
in (initial Bengal, wdiicli .serve* an extensive area enclosed 
hetw'C(;n the IIooglily-Bhagiraihi, the Ganges and the Gorai 
Attai series ami extending right ;i[) to tlie sea-face, is what 
they can draw' by percolation from tlie Ganges through the 
sandy beds at their offtakes and the subsoil storage. This 
is indeed a seriotis position and unless a proper solution can 
he found this area will gradually revert to swamps and 
jungles from wdiicli it was reclaimed by the rivers. 

SI. The principal spill channels wliicli are not yet 
completely dead and on which w-e have to dejiend for the 
purpose of drawing from the (ianges and carrying a portion 
of her flood for flushing this area are the Bhagiratni, the 
Jalangi and the Maihahhanga. In view of the apparent 
tendency of Nature to enrich the Padma at the expense of 
these rivers, the question of primary importance to be con- 
sidered in connection with their improvement is whether 
an appreciable portion of the Ganges flood can at all be 
induced to pass through them in preference to the Padma 
of which the hydraulic conditions are of course much more 
efficient. The late Sir William Wilcox advocated the con- 
struction of a barrage across the Ganges with a view to induce 
a portion of the Ganges flood to pass through these channels. 



But the cost of the barra^re together with that of the river 
protective works that would be necessary to prevent out- 
flanking*: and their maintenance would be so heavy that those 
who have to finance the scheme may not be disj)osed to 
seriously discuss it in the present economic condition of 
Bonsai. We have, therefore, to consider the question of 
impi(»vemeut of these rivers even without the barrage. 

82. It may first be considered whether Nature lias, 
pernianently Ibrsaken tliis tract or its deseriion by the 
Ganges flood is only a teniporar;^- phase. In view of the 
characteristics of deltaic rivc’i-s, as exjdained above, it seems 
reasonable to oxp(*ct that after the (langes has raised the tract 
through wliicli she is now flowing she will again turn her 
attention to (Central Bengal and the present decadent rivers 
of tliese parts may improve. It may be mentioned here that 
an aiithoritativo cjornmitteo rci ently exaniim*(l the question 
of head Avalcrs.of the Hooghly and after examining all ther 
evidence on the subject, the enrnmitiee stressed the importanee 
of th(‘ (langcs freshets earried by the Nadia rivers (Bliagi- 
ratlii, tlie Jalangi and tlie Mathabhauga) and came to the 
conclusion that tlu?se rivers pass through successive ])liasej^ 
of delerioraiiori and improvement and tliat there is no 
definite proof that tliey have permanently deteriorated to any 
great evteut. (Ileport on the ITooghlv iliver and its Head 
Waters.) 

8-1. In this coiiJicction ii may he mentioned that diver- 
sion of the Brahmaputra through the present Jamuiia 
channel, which meets the Ganges just ah<»ve (ioalundo, might 
have given some of tliese Nadia rivers (at least thi‘ Matha- 
bhanga which is nearest to the junction) a cliance of revival. 
The Bramaputra flood usually reaches tlic junction earlier 
and acts more or less as a harnige trying to holil up tin* 
Ganges flood to seek some other outlet liiglier up. But 
unfortunately for the Nadia rivers, such an outlet was found 
in the Gorai which, in Benners time, was only a minor 
channel, but wdiich has since considerably developed. As 
there is extensive area of low land yet to raise, the Gorai 
will probably continue to develop. In fac^t, even apart 
from raising and fertilizing extensive areas of low land along 
her left bank in the district of Faridpur, thanks to thi^ 
Halifax cut made by the District Board of Jessore in 1901-02 
connecting the Madhumati (low’cr reach of the Gorai) ami 
the Nalmgaiiga, the Madhumati is now discharging tin* 
delta-building fumdions, left unfiuislied by the Bhairab and 
the minor spill channels Nabagunga, Chitra, etc., in the 
eastern portions of Jessore and Khulna dislriets. It is, how*- 
ever, possible that after these lower areas have been raisetl 
the barrage effect caused by the Brahmaputra flood may 
even reach the neiglibourliood of the Mathabhauga offtake 
and larger portion of Ganges flood might be induced to flow 
down that channel. 

84. The popular view is that the Hardinge Bridge, 
which was completed in 1915, might also help in improving 
the Mathabhanga. But the offtake of the Mathabhauga 
being located about 25 miles higher up the Ganges, it does 
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not appear that the bridg^e has caused sufficient afflux yet 
to effect any material improvement of the Mathabhanga. 

About half the width of tbe Ganges underneath the 
bridge has, however, silted up well al)Ove the low water level 
along the left bank. (A’. B . — In his inspection report for 
Mr. K. B. Lai Mathur, Senior Government Inspector 
for Railways, states that the main stream is round piers 
"2 to fi. Pitus 7 and 8 are in shallow waters and high 
(•liars have formed round ])ier.s 9 to IG. The maximum 
vidocjty (luring flood is rcjuirted to be 14 feet and the dry 
season velocity about ] fool. As widening of the channel 
along right or southern bank is l)eing prevented by expensive 
bank protective works and as deepening by scour is being 
restrifded by extensive stone duiu])Lng round the piers, it 
seems possible that this bridge will act more and more as a 
barrage, with larger and larger afflux, holding up the Ganges 
flood to seek an outlet higher up. If the afflux increases 
materially it seems, however, lo be more likely that the 
liver will .find this outlet in the Lulpur biglit, a few miles 
above Sara on the left bank, and tliere will be an avulsion 
through the extensive l-ow areas near about Chalan Bil, out- 
Hankiiig the Hardinge Bridge on the north. But till this 
catastrophe occurs, the effec!', of the increase in the afflux, 
if any, will probably be to improve the Mathabhanga. 

Ho. AVe may have to wait for decades or ])erha])S 
centuries before Nature turns lier attention to Central 
Bmigal and the point for consideration is whether it is not 
jiossible to effect any lasting improvement of these rivers 
by artificial action. Railway authorities should also be 
interested in this matter; for diversiem of an apprei'iable 
]>()rtion of the Ganges flood through the Nadia rivers ought 
to rdievi* tlie pressure on the Jlardingt^ Bridge, thus reduc- 
ing the cost of its maiiitcmiiue and averting a possibles 
danger of avulsion on the left bank as discussed above. The 
recent changes in the (ranges which miglit be atrilmtable to 
the causes referred to above seem to be hopeful. The huge 
char which hitherto masked the offtake of the Mathabhanga 
has ])ractically disappeared and its position in relation to 
the Gauges is definitely imjiroving. The off'takos of the 
other two princi]ial spill cliannels in (^uitral Bengal, 
viz., tlie Jalangi and the Bhagiralhi, are also showing signs 
of improvi inent though n()t to the same extent as in the case 
of the Mathabhanga. 

8G. Bui mere improvement of the offtakes is not enough; 
it merely shows the tendency of Nature. To be able to 
utilise fully these tendencii's to our advantage^ it is necessary 
lo iiujirove the carrying capacities of these channels and 
provicle suitable outlets of distributary channels of adequate 
cu])acity, and other fa(!ilities for spill ov(*r the countryside. 
Por, unless tbe inertMsed discharge that could be drawn in 
view of the favourable position of the offtakes could be 
(nirried by these channels and disposed of no material 
improvement over the present condition can be expected. 
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The liinctiou allotted by Nature to these spill channels in 
deltaic lien^al is thai lliey should spill over the land during 
hoods and dej»o.sit the liiglily tViiilizing silt carried by the 
flood water. Being relieved ot the sill burden, the eoin- 
paraiively clear water sliould then flow down these channels 
and iniiintai]! lliein iu etticieiit condition. U’ not allowed to 
S])ill, a good portion of the sill {*.01110111 of flood water entering 
those (channels, which tlu; rot! need velocity duo to flatter 
gradient availalile in the lower portion of Bengal is unable 
to transport, will naturally d(‘|)osit in tlieir beds, and the 
ehaniuds will again deteriorate. Improvement by dredging 
or by liand cut;, whore fcuc^iblo, will no doubt be necessary 
initially to give tlioso works of impr(»vciiient a. good 
start. But it is impossihb* to maintain a river by dreilging 
alone, for, apart from the (juostion of cost, ilie driulgoil spoil 
has nec.essarily to be deposited on tlu* banks close to lli(‘ 
river channels, which will go on rising as the dredging con- 
tinues and soon reach a heiglit beyond the lift of the droflger. 
An e.ssential c.ondition of success, therefore, is that, alter 
their initial iniprovcnient, forces wliich wore in operation 
before, wlieii these channels were in live condition, should 
be re.stored so that; tliey may again be self-maintaining or, 
iu otb(‘r words, tJu\v sliould be allowed to spill extensively 
over their baiiksj without hindranee as far as iiossible. I’o 
wlial extent ibis may bo fea.sihb*, it is nrit possible to say 
without a contour survey with lines of levcds taken at fairly 
elo.so intervals, and the detailed investigation made as 
rt‘gards the vesl(»d intc'resis that are likely to be adversely 
alieeted, and remedial measures to be adopted to safeguard 
tho.se iuterests. The problem is undoubtedly a very eom pli- 
ca ted one and what 1 wish to emphasize is that no pie(^e- 
ineal solution is really pos.sible, but it has to be thought out 
and dealt with eoiiiju-eljeusively. 

iS 7 . Bui about one ]»oint there seems tn be no doubt, viz . 
the necessity for a substitute crop in the lowt'r areas wliieli 
wonM l)e adversely alfected by uncontrolled flushing when the 
(langos is in floods in August and Se])teml)er. tn the ease 
of these lower areas also, mostly “bils” and “biiors". the 
problem to be solved is one of premature reclamation. But 
since the vested interests have already been creat.i^d and now 
constitute the source of livelihood of a large nuniber of 
peoplt^ we have; to faee the problem as it stands ami find a 
solution. The only j)racti(*able solution appears to be that 
raiyats should bt^ <?ncouraged to grow in thf^se bils and other 
lower areas a crop which can be harvested before the Ganges 
rises sufficiently high early in August, or the long stem 
paddy of East Bengal whieh grows with the rise in water 
level and w'ill not be damaged by uncontrolled flushing. Tn 
any case unless a practicable solution can be found for thi.s 
problem, the prospect of a flood flushing scheme for Central 
Bengal, wdiich appears to be urgently necessary to arrest the 
growing deterioration in the health and productivity of the 
soil as also to revive the dying spill channels, seems to be 
rather gloomy. It does not appear to be feasible to have 
controlled flushing without a barrage across the Ganges, 
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cost of which will of course he prohibitive. But even if the 
flushing’ could he controlled, in the process of flushing the 
higher land the hils and other low areas are likely to^ be 
inundated to a depth which will j)rol)ably make it impossible 
to continue the present method of cultivation. We had 
practical experience of this difliculty during the recent high 
floods wlieii, owing to the abnormally high flood level of the 
(langes and of its spill (diannels, crop over a large area of 
Central Bengal was damaged. Necessity for growing in 
these low ari*us a suitable substitviic^ crop, as an essential 
preliminary si('p before launching a flood flushing scheme, 
canuni, tli(*refore, be exaggerated. 

fSS. Mven in(le])eiulently of the flushing stdieme, introduc- 
tion of a suitable substitute crop for these low areas appears 
to be an urgent necessity in view of the recent high floods 
in the Ganges. I have Jiuule a critical study of the Ganges 
flood problem in my paper ‘‘Ganges Floods and its Lessons*’ 
from which I quote the following to explain the point: — 

“Being deserted by the Ganges the spill channels in 
Central Bengal began to deteriorate and could no longer 
flush the country with the Ganges spill exciept in years of 
high floods. The agricultural practices which must have been 
similar to what we find in Kastern Bengal to-day had to be 
changed to suit the changed conditions. Owing to lower and 
lower level of the floods that ocicusionally occurred, the 
people gave up the practice of building their houses on high 
mounds and even the old mounds gradually deteriorated for 
want of maintenance which was not found necessary. As 
the flooding liecame more and more rare owing to progressive 
deterioration of the spill channels, people began i)rematurely 
to reclaim the low areas, mostly bils mid liaors, by means of 
enibankments, thus (rutting off the spill areas of these chaiinela 
and causing ilo'ir further deterioration. The process conti- 
nued until we find to-day that whenever there is a high flood 
in the Gangt^s and these spill chunmds bring in some flow 
sufficient to spill over tlie laud, the p(a)ple suffer not only 
in llie .siiape of damage to crops which are not suitable for 
these flood conditions hut also by the collapse of houses which 
are no longer built on high mounds. It must, however, be 
pointed out that these suft'erings are more acute in lower 
an?as which have In^en prematurely reclaimed before the land 
(umld be raised sufficiently high and are partly attributable 
to the utter inadequacy «>f the present drainage arrangement 
as explainecl above. In fact, haviiig no suitable exit the 
flood water simj)ly stagnates over the land to a much higher 
level than if it could flow into an efficient drainage system. 

“The obvious remedy, therefore, lies in reverting to the 
old practices, i.e., the practices that are now followed in 
Kastern Bengal as far as it is practicable Tinder the present 
conditions. To reintroduce the old agricultural practices in 
the higher land it will be necessary to ensure annual flushing 
by resuscitating the spill channels. But as regards lower 
lands it should he possible to revi^rt to the old practices even 
under the present conditions, that is to say, houses should 



be built oji mounds and lon;^ staple East Benji^al paddy 
should be ^^Town and if that is not found suitable, experiment 
sliould he niad(* to find some other substitute crop which w^ill 
jucrow’ in these low areas under the present conditions. These 
are the lessons we learn from these frequent floods.” 

89. Before concludin*:*- this porlion of jny lecture on 
Central Bengal I mij^ht mention that a coiiipreliensive 
contour survey of the decadent tract in Central llenpral has 
been taken up and will soon be conii)Ieted. A special division 
has also been formed recently to investigate and ])rei»are a 
comprehensive scheme for Hushing the decadent tract by re- 
suscitating tlie moribund spill (‘haniiels and diverting through 
them a snhstantial portion of tlie (laiiges Hood. The objects 
aimed at are as follows: — 

(a) To arrest the growing deterioration in health and 
productivity of the soil and restore the old 
prosperity of Central Bengal. 

{/)'} To lower the level of the destructive flood in the 
Canges so as to make it liarinless and benefieial. 

(c) To improve the drainage channels, including the 

tidal reaches, and make them self-maintaining. 

(d) To arrest the advance of salt water limit up the 

delta. 

Ste})s have also been taken to depute a sj)ecial Agricultural 
Otticer to investigate into the question of introducing a sub- 
stitute crop in the lower areas. 

90. 1 should, however, make it clear that it will hardly 
bo ]iossible to acliieve these objects unless the iiibu-iirovincial 
aspect of the (janges River Problem already reterred to, 
which is tending to raise flood level and diminish the dry 
weather flow, can be seriously ta<kled. To eiisuiv success 
loth the inter-provincial and provimdal aspetds of the pro- 
blem should be attacked simultaiieouhly. In fact, having 
regard to the delay that will iiK'vituhly occur l)efore the efi'cct 
of any measure in the inter-f)rovincial sphere cum materialise, 
the Ganges Itiver Commission, which alone can initiate such 
measures, must he established without delay. 

Western Bengal. 

91. Rivers of Group IL — As I have mentioned before 
while classifying the rivers in Bengal, the values of the 
Western Bengal rivers, such as the Damodar, the Ajoy, 
the More, the Cossye, etc., lie in the fact that they 
constitute the only sources of supply available for artificial 
irrigation and for flood flushing. The necessity for irriga- 
tion of the khariff crops is confined practically to Western 
Bengal. Though the total rainfall in Western Bengal is 
sufficient in normal years its distribution during the crop 
period is erratic, specially after the middle of September 
when rainfall is hardly sufficient to meet the requirement of 
paddy crops. Even in normal years artificial irrigation is 
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til us a nc«iessity in Wesieru Bciifjal to ensure a normal 
harvest. It is a vital necessity in years of abnormally low 
rainfall, wliieh oceiirs, say, once in 5 to 7 years, to provide 
an insurance against famine. As'ain, since practically about 
the vvliole of tlie rural population live on aj?riculture and the 
alli(*d iiulustries and the raiyats are too poor to afl'ord artifi- 
Irrigation — ^the <-ial manure, canal irrigation, by ]irovidiug nahiral manure 

only moans of j|„, shape of highly fertilizing sill carried by the canal 

SoSSccondi. available for incTcasing 

tionofthe the yield Irojii the land and iniprnviiif;: the eeouoinic condi- 

poople. linn of the peoide. 

I do not pio]>ose to hm^^then iny lecture by dealing’ with 
this important factor for rural development in Western 
llen^al in details as tliis aspect of the proidem and its solution 
are more or less similar to what is experienced in the rest of 
.India. I shall iiiendy emphasise some of the points that have 
come to onr knowledf^e in the course of iny ofticial duties and 
thfii ])a'^s on to oth(»r aspects of the river piohlems which are 
peculiar to llcn^al. 

Nei-essity for ih‘nj.»al has an important, advantage over the rest of 

storajjo India in the fact that diiririf*’ transplantation .season whon a 

^deintuc4uaii^^^ laifAV (lUaiitity of water is retpiired Ivy the crops, the 

rivorflow. rainfall is a<hM|uate. In fat't, in normal years artificial 

irri^aiion is usually re(iuiicd to meet lli(* deticdencios of 
north-east<*rn monsoon, from the middle of Seiitemher to end 
of Dctohei. rnfoi t unately owin^’ to the proximity of their 
calclimeni areas to the areas to In* irrigated and imm? or less 
similar distribution of I'ainfall, 111 is is the very time when the 
rivers in Western Heiif^al also brin^- in ratlier scanty flow, 
though earJii*!* in the season, [.<*., ilurin^ the* .south-western 
monsoon, tliey usually briii^ in enormous volumes of floods 
which now run to west. Aj^ain owinj*’ to this rather erratic 
distribution of the river flow the cost of diversion and cross 
drainage works, which have to he made to suit the maximum 
flood discharj^c, is usually rather hi^h, out of all proportion 
with the comparatively small area that imiild ho irri{>atod by 
the dwindling* flow in September and October which really 
determines the ii*ri«;able cai)ucity of a stream without stor- 
It is, therefore, apparent that to meet the irrigation 
needs of Western llengal storage is a nece.ssity, i.e., the 
water should he stored in natural storage works conslnicted 
in the upper valleys of these torrential rivers in Western 
Bengal during floods and utilised in limes of scarcity. 
Storage works are no doubt costly, hut as stored water has to 
be supplied mainly in Octob(»r wdien the requirement of crops 
is the minimum, they are likely to he ratlier profitable under- 
takings in Bengal. The area that could be irrigated by a 
stream by its daily flow can be increased many times over if 
only a portion of its flood could be stored and utilised in times 
of scarivily to supidement the daily flow. In Madras where 
sforage works are also needed for transplantation of paddy 
ow ing 1o the failure of south-w^estern monsoon 1 million cubic 
feet of stored water can irrigate only about 5 acres. In 
Bengal, on the other hand, for reasons mentioned before, it 
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can nvcr .*^11 acres. A^ain, tor growing* siijiarcane 

and rabi crops stora|j:e works seem to be an abstdute necessity 
as^ from ]Niovcjnber till A])ri] no rain is usually expected in 
Wt'sterii Iten^al. 

Ihit tbounji sloraj^e .scliemes seem lo he an absolute 
necessity for (levelojuneni; of irrij^ation and ccoiionuc uplift 
of I lie peo])le in We.steru lleno^al, owinj? to Ibe Hat ness of 
Ibe country it is diiliculi to olitain suitable sites for slora^’e 
dams wilbiii (be boundaries of (be province. lA)!* ‘.’■ood sites 
we Inn'c really (o scaicli in tlie ii])]ier valb\vs of Ibesc* river.*- 
lyin;^ within the billy regions r»f Pbliola-Xa^pur and SoiMbal 
Pai^anas in the Province of l»ibar. Two p>od si<es have, 
bowover, l>(‘en jliscoxered so far in ennnei'lion v itb llu' Mive-:ii- 
f»aiion of Dwarkeswar and More projei'N ami il 1-; fouml ibal 
by construelin^' siiitabb' sl(»raee works, ele.. about *..M)(),()()n 
io res can !:e irri<L»ated by tlie fornau* and acres by 

the laller. 

94. The easjein |)or(ion <»f Western lUm^al is tbdtaie and 
thanks p) bmnaii interference with the lumeHetml a<‘livilii*s 
of the rivers traver.sin^- this iiortiou, they have }^iven rist‘ 
to problems wbieli are nnicjiie in the t‘xlr(Mue and it is doubt- 
ful if a sat isfaetoi’v solution (^an a I all Ix' found. T1 m» area is 
flat and has Ixmmi liiiilt uj) by the silt carried l»y these iiv(*rs 
of W<*steni lbMij.>al, particularly the (*ossye in Midnapore 
district, the Damodar and the A.joy in Uurdwan district. I^ut 
before the land could be sntlieiently raised by such naturitl 
deposits it bej^an to be reclaimed by Hood embankments Ion*.'; 
before the Ilritisb occupation. In (bosc days, tbe.se embank- 
luents do not appear to have been eflicieiitly maintained by 
the zciniiidars and breaches were, frequeul. Tboiipb ibis 
caused teuqiorarv ineoiiveniimee and damage to the peo]de, 
tile land used to be flushed occasionally by silt-laden floods 
and the liealtli and the jiroductivity of the soil flid not 
deteriorate to (bo extent as it lias done now. lOvil elfeels of 
these embankments were not of c-ourse realised in those days 
and for (dficieiit imriiitenan(*e they were gradually takmi over 
by (loverument and improved with the object of ])reventing 
breaches as far as ])ossible. Tn consequon(*e, tbougb the 
breaches are now less frequent and the protection (mjoyed by 
the people is now more 1 borough, this very fact has brought 
into ])romiii(!uee the evil effects of these (mibankments. The 
breaches are now rare and even when they occur, Ilu*y are 
closed immediately. In conse(|uence the land has been 
de])rived of even the occasional fliisbiiig with sill-ladmi flood 
water, which it was enjoying whim these enibankimmls were 
bfiing in efficiently maintained hy the zemindars. This is 
not only causing progn»ssive deterioration in the health and 
productivity of the soil but being deprived of tlieir .source, 
of sustenance, viz., the river spill, the natural channels 
within the embanked area have all badly fbteriorated and the 
diflieulty of drain iuir these areas is becoming more ami more 
acute. 
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S)5. The emhuiikineuts have not only prevented the 
gradual rise of the land by silt deposits during flood flushing 
hut, on the other hand, it is aetually beeoniing gradually 
lower, ihougli at a Ncuy slow rale, due to the loss of the sur- 
fart' soil washed away by the rains. To make the case worse 
the floods, I'onflned within embankments and unable to spill 
and deposit on tb(‘ land as was intended by Natun^, are 
de]>o.siting a portion of the sili-eon tents within the river 
beds which are gradually rising. Tlie Irrigation Engineers 
in Bengal are thus faced with the most unenviable situation 
created by the lowering of laud to be drained and rise of the 
river beds into which the drainage has ultimately to be dis- 
posed of and in some area it has already become impossible 
to drain by gravity. And a very serious situation is d(‘velop- 
ing by the attempt to confine the floods with in the narrow 
channels by means of earthen eiiibankments. As a direct 
consequence of embanking these rivers jueventing free spill 
t»ver the countryside I here was a <*onsiderable rise, in the 
flood level soon after these embankments were constructed 
and this b»vcl is lending to risi? liigher and higher owing to 
the gradual rise of the river lu^ds, nec(‘ssitatiiig higher and 
higher embankments to prevent their overtopping by the 
floods. Indeed during the Daiuodar floods of IflJlf) it was 
observed that, though the embankment was over 20 feel high- 
er than the (‘ountrv level at some places, it was about to be 
overtopped, which (ould be ])revented only by raising the 
ernbanknn'nt during the progress of the ft(»od. It is needless 
to say that ln(>aches at such places wcmld have been attended 
with serious conseciuences to tin* (‘ouiitryside owing to the 
territice velocity whicli a wall of water, over 20 feet high, 
ejecting out of the breach, wtmld liave generated, sweeping 
away everytliing that would come in its way — houses, cattle 
and even hinnan beings. 
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Oti. Tin’s ]>oteiitial danger to life and jnoperty that is 
likely to be caused by concentrated discharge through 
brea<*hes at low places needs sj)ecial mention and it is here, 
where high embankments have necessarily to be maintained, 
that breaches are more likely to occur. In fact, there is a 
limit as regards depth of water whicli can safely be withheld 
by unprotected earthen bunds and at some places in the 
Damodar Embankment, this limit has almost been reached 
and, if the flood level rises higher, it will probably be neces- 
sary to go in for expensive surface protection of these 
embankments. But even then those earthen bunds can 
hardly be made brcach-jiroof for a tiny little rat-hole may 
easily lead to a disaster and where there are hundreds of 
miles of such eiiibankuieuts to look after, it is almost imposs- 
ible to ensure that all these tiny holes have been detected and 
attended to in proper time. In fact, such holes are usually 
covered by vegetation and can only be detected when the 
flood level lias readied their riversidt? ends, and if these ends 
are located higli up the slope they may not be detected till 
the flood has risen very high, when it may be too late to do 
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anything. In view of these difficulties occasional breaches 
ill the unprotected earthen embankments and the consequent 
loss of life and property caused by concentrated discharge 
can hardly be avoided and it is surprising that they do not 
occur oftener than is the (*ase at present. 


J17. On the other hand, what would have hapjamed if Gradual inun- 
these rivers were left in their luiUiral condition? Conditions 
now prevailing in Eastern llengal would furnish the answer, not hftrmfu?^t 
No douht there would have been flooding of the arejr now a blosKing. 
ineffieienily protected hy the einhankinenl , hut tlie flood 
being allowed to spill over tlie countryside, the depth of 
flooding would have been much less and it would lie lower 
anil lower as the land rose higher and higher by the silt 
deposit. And wliat 1 wish to einpliasise tbere would have 
been no loss of life or property wliieli is now caused hy the 
high velocity of concentrated discharge through breaches, 
nor, need tlu»re have been any distress among the people for 
being accustomed to annual flooding, they would have eveet- 
•ed their houses on mounds above the flood level as is the 
practice in Eastern llengal. 


98. The position is undoubtedly very serious and unless J^old policy 
a hold policy of improvement is followed, this tract will, in i« noecied. 
<*oiirse of time, revert to swamps and jungles from which it 
was prematurely reclaimed in the olden days. The ideal 
solution would be to remove tlie cause of deterioration, i.e., 
the embankments, and raise the land and increase its pro- The ideal 
ductivity by allowing the flood water to spill and deposit solution, 
the silt which is very rich manure. Where possible, this Land irt Htarviug, 
solution should <‘ertainly be adopted. Millions of tons of while it« sourco 
this valuable silt is now being carried away by the floods and 
lost to the country and the land for which this silt was the nver floodtj 
intended by Nature is starving. Above the tidal limits into the sea. 
where the water is sweet such natural flood flushing need 
not necessarily destroy crojis nor cause such acute distress 
amongst the people as is now being caused occasionally by 
the concentrated discharge through breaches in einhankment 
for, when the embankments are removed, the flood level wdll 
also fall eonsidorably lower, as compared with ils iiresent 
level, and as tlie floods in these parts are short-lived, lasting 
not more than 12 or ‘j days at a time, such flooding may even 
be beneficial to the crops except in years of very liigh floods 
when, no doubt, the cro]js will he destroyed till these lands 
have h.eeii sufticiently raised by tbe silt deposit. The loss, 
however, will he more than compensated by the increased 
yield in normal years due to the mauiirial value of silt and 
improvement in health. And as regards distress i*aused to 
the people hy the collapse of houses, it cun certainly be 
avoided or at least minimised by erecting liouses on earthern 
mounds and by avoiding mud w'alls as is the practice in 
Eastern Bengal. 
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99. In most of areas, however, owing to important 

veslecl iiitoreists, such as existence of railways, towns, etc., 
such uncontrolled flood flushing is hardly praciieahle and 
luvre we must be satisfied with limited flushing as may be 
found possible by drawing the flood water through regulated 
escapes to l)e Imilt on these emhaiiliments. It is quite poss- 
ible to iritrodufce sueli limited flushing in the area lying 
between the Cossye, the Selye and the llupnarain riveis in 
Miidnapore district mid that lying hehveen the Dainodar, the 
llanka and th(‘ Ilooghly rivers in Burdwan, Ilooghly and 
llowj-ali disti F<»r this latter area consideraldo ])rogress 

has already been nuulc towards iha jiroposal of a flood-flushing 
scheme. A contour survey of the area was made a few years 
ago and being advis(‘<l that .such a scheme is technically 
feasi1d<*, (}t»vcnimenl appointed a siiecial officer to prepare 
ail apiiroximate i‘sl.iinatc of cost. This estimate has sima^ 
been prepared and it wa.s found during scrnliny that a m(*re 
llooil-flushing scliemc', without provision to ensure irrigation 
in Octnher when rain and river supply both fail in these 
parts, though highly heneticial as n^gards iiniiroveinent in 
•;anilaiion an<l priMluctivity of the soil, cannot ensure g<iod 
harvest e.\ce])l in years of well-distrihuted rainfall ami as 
such is not likely r<» i»e po|>iilar nor financially sound. 
Nec(‘ssarv orders were ac cord ingly issued to make such pro- 
visions, i.e., a storage reservoir in the upper valleys of the 
Dainodar liver and a barrage across the Dainodar near 
Ihirdivan. A detailed cslimab* ainoiintiiij; to 

Rs. 2,71 37,200 has since been prepared on the above lines, 
i.e., will provision bu* a storage reservoir and a barrage to 
flush am irrigate an ari^a of aliout 127,0(10 ac*res in Bunlwaii. 
Ilooghly and Howrah distriets and is now under considera- 
tion of (Tovernment. The area proposed to he served by the 
project used to he mie of tlie bealthicsi ami most prosperous 
in Bengal, and though it lias deterioratial to its present 
dephmible condition mainly by the nets of man, it is hoped 
that by human acts again it will he possible to retrieve the 
situation and to restore the area to its original condition of 
health and plenty. 

100. It may he iiumtioned here that as .soon as the evil 
eftVets of the embankments Avere realised the Bengal Emlmnk- 
mont Act was jiassed in which there is an important provision 
making it a criminal offence to construct emhanknients with- 
out previous jieiiniasion within certain areas which are being 
ileclared as jirohibited from time to time. The area is, 
however, vast and cmforceineni of this provision, which 
involves freqiumt detailed inspeidioii of the countryside and 
prosecution of the offenders, is proving to he rather a heavy 
liurden with the very inadeiiuate staff at our disposal. 

101. Even apart from the question of flood flushing, so 
necessary in the interest of health and productivity of the 
soil, the question of maintenance of these rivers is present- 
ing i>rol)lems of a more and more serious nature as the years 
are rolling by. (Considering the Dainodar as a representative 
of this gnmp of torrential rivers it may be mentioned that 



in its present eoiulition this river near about linrdwan is 
barely sufficient io carry more than, say, t?50,(HK) cusecs 
which represents its nonual flood discliarjifo. Tin's capacity 
is af?ain boinj*' pro^?ressively reduced due to <^riulual rise of 
the bed in conse(juence of the nmif^iiial embankments and in 
the lower reaches, owiri*^ to lai>»e (|uantity of silt broug-ht in 
by tlie tides twice daily tbrouf^hout ibe year which the 
oecasional floods durinji* the rains «*annot clear, it can hardly 
carry more than, say, 00,000 cusecs. The i)otcntial danfier 
of a flood of flic order <d‘ (JofbOOO <*usees as occurred in 101»i 
and 1905 rnshiiif^ down fhis channel can now he easily 
imagined. 

lOtj. Originally the river was embanioMl on both sides. 
but appr(*cintiu«* iliis potential danj^er the ri*»li1 embank- 
meiii was abandoned towards file miiMle of the la.'^t eenlury. akmo has not 
This no douht relieved the ])ressiire on the left embankment solved the 
for a time, lint the ri<»*ht hank is also «i‘radually risinji’ by prebloin. 
silt de]K)sjt willi more and more pressure tlirowii ao-ainst flic* 
lc*fti emhankment and the lime is not far distant when il nill 
he impossihle to maintain the hd't embankmc'iit unless either 
Nature* fljids a remedy Ivy cutting through the c‘xposed riohl 
liank ail escaiie into the Ifupnarain or if is ])rovided hy an 
artificial cut at a heavy cost, lii fact. Nature apiicars to 
have already cut an escape in the llc^iia khal wliicdi is now 
carry inf»* considerable volume* of the Damodar flood into the* 
llupnarain, but it take's off too far down the ri\e»r and about 
do miles of the left embankment ]»rotectinf»‘ a thickly populat- 
ed area, iuedudine- the town of llurdwan and the East Indian 
Railway line which runs very close to this portion of tiu 
cnibankiiient, is still bein^* exposed to the full ])ressnrc of the 
Damodar flood, which is hound to ineivase more and imne* as 
the ri«»ht hank and the river hed continue to rise by silt 
deposit. 


lOd. If there were no flood embankments on either side 
as was intended by Nature, the gain in ele*viitiem of the bank 
by silt deposit Avoiild have at least kept pace with Ihe^ rise in 
river bed as lias been experienced in the (?ase of the Nile. It 
appears that the Nile was emlianked only recently and that 
before then “during the Christian (*ra while the niatlm 
de^posited by the ovei'fiow of the Nile has raised the snrfaia; 
of Egypt hy 4J ine*lies per century, the bed of the river has 
filso been raiseel at the same rale/’ (Samuelsoii in his ‘Jnete 
on the Trraw’adi river” quoted in Mr. Keak’s report on Nadia 
Rivers). If both the embankments were retained, the country 
level on both the banks would have remained the saine and 
though an avulsion would have ])e*en inevitable ultima ie*ly 
owing to the gradual rise* of river bed and consequently of 
flood level, it would have been left to Nature to cut it either 
through the left bank towards the Hooghly or through the 
right bank towards the lliqniarain, probably the latter (as is 
evidenced by the natural formation of the llegua escape) 
owing to open country availalde on that side as compared 
with the left where the country is full of obstructions, such 
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as East Indian Railway and Grand Trunk Road embank- 
ments, etr. The policy of abandonment of the rig’ht embank- 
ment and retention of the left, on the otlier hand, has resulted 
in the rapid rise of the country level on the rig^ht side and 
that on the left side lias probably been even lowered by sur- 
face washiiif*’ caused by the lo(‘al rainfall. The inevitable 
coiisequen(M», iherefore, it seems to me, will he that Nature 
will try to for<*e an avulsion through the left hank towards 
the Ilooglily unless we I'^an take adeipiate remedial measures 
in the meantime. 

j<)4. Such an avulsion will of course nu'an a serious 
disaster for, apart from the very large vested interests on the 
left bank wbudi will be adversely affected, the imjiortant 
city of Calcutta and tlie large business interests on either 
banks of the Hooghly will be in great danger. It is no 
doubt true tliat till the middle of the 18th century one of the 
Damodar outfalls was at Nooseroi, a few miles above Hooghly 
town, but owing to desertum by the Damodar floods since 
then and by subsetpieni eneroacbments, the Hooghly ehaiinel 
has considerably shrunk and near about Calcutta it can 
hardly carry more than 860, OIK) (Mr. Reak’s estimate of 
maximum flood in 1918) or, say, 850, 0(K) cusecs in its present 
condition. SeriousTiess of tlie situation that will arise by the 
avulsion referred to above can, therefore, be (*asily imagined 
if it is remembered that in 1918 and in 19^)5 the flood dis- 
charge of the Damodar was of the order of (0. lakhs cusecs. 
And when the Damodar is in high floods it is very likely 
that the other western tributaries of the Rbagiratbi also Mill 
be in liigb floods simultaneously owing to the proximity of 
their catchment areas. 

105. The above consideration should rule out any pro- 
posal for remedial measure by means of uncontrolled escapes 
on the left bank aicJ as regards controlled escapes it may be 
mentioned that the rough ('stimate M"hi(!h >vas rei'enily pre- 
pared for flushing the decadent area on tlie left hank referred 
to before amounted to about Rs. 2 crores. The proposal pro- 
vided for extra(rtion from the Damodar and its distribution 
over the area, of only about 18, (KM) cusecs out of the total 
maximum flood discdiarge of about €50,000 cusecs, a mere 
drop, M'hicli won’t cause any material lowering of the flood 
level nor its pressure against the left embankment. To 
afford su(*h relief we should extract something of the order of, 
say, about 200,000 cusecs. Apart from the prohibitive cost 
this extra discharge cannot possibly be carried by the 
Hooghly in the vicinity of Calcutta and above. Increasing 
the capacity of the Damodar channel by dredging does not 
also appear to be a feasible alternative As I have mention- 
ed before, apart from the question of cost, no river can be 
permanently maintained by dredging. This is all the more 
true in the case of the Damodar M'iih such a wide range of 
flood discharge — maximum flood occurring at long intervals 
— and witli the lower reaches lilahle to be choked up by silt 
carried by the tides functioning twice daily. 



10(). As reft’ards renKulial measures the only feasible 
alternatives, therefore, seem to be either to construct floocl- 
moderatiii*^* reservoirs in the up|)er valleys, probaldy the 
most satisfactory, tli()ii^>h costly, solution or to provide an 
escape into the Itupnarain, through the right hank which 
should take oft fro!n a point as far above llurdwan as is 
possible. Hut an escape, unless provided with a channel of 
adeciuate capacity to lead the Hood water into the Rujmaraiii, 
w'ould be merely transferring* the <*ojnplaints from *)ne area 
to the other. Even then it can hardly be considered to be a 
permanent reim^dy as tlie channel is likely to be silted up, 
specially, as its outfall into the Rupnarain will be ojieii to 
tin* silt-laden tides, wbicli the intermittent pressure of floods 
from above — high floods f»eeurring at long intervals — will 
not be able to kee]) clear. It seems to me that onee u])on a 
time the Rupnarain probably eonsiituted the outfall of the 
Damodar. The tendency of Nature to restore the old con- 
dition through the Regua escape is not suflieieiitly helpful. 
We should help Nature by taking oft this escape from a 
point higher up the river. Ahmg with the escape it is also 
necessary to improvt* the carrying capacity of the Ruj)narain 
in her upper reaches by removal of some of tlu» circuit 
embankments on her banks ((flietua and Mohankbally cir- 
cuits, etc.), which, for r(*asoTis explained before, seems in be 
necessary everj in the interests of the ar(*as prematurely re- 
claiiiK'd by these embankments. 

107. (rroup IN -Tidal riven , — In their lower reaches 
these channels of (iioups I and II, discussed above, are tidal 
and except where tidal flushing of their spill areas has 
been interfered with by premature reclamation, their (con- 
dition is not so bad and they are still (‘ontinuing their 
beneficent activities mentioned above including the provision 
of cheap means of lranaj)()rt by water, a natural asset, which 
should be preserved at all cost. M(‘re tidal flow, unless re- 
inforced by supply of upland water, (ainiiot, however, main- 
tain any channel foj an indefinite period. Tides in these 
parts carry a large proportion of silt with which Nature is 
trying to raise the lower portion of the delta now deserted 
by the (langes floods. But it is only a question i»f time when 
the spill areas having been raised up to tide level, this silt, 
unable to spread over the land, will dciiosit in the channel 
bed in larger and larger quantity and will finally (‘hoke it. 
A gutter channel will probably remain for draining the local 
rainfall, but the (diaiinels will no longer be fit for navigation. 
Besides, with the reduction of pressure of sweet water from 
above the salt water limit is also being pushed up these 
channels and a vserious situation is likely to arise if the uppt^r 
reaches of these (diannels continue to deteriorate and su])ply 
of sweet water is furth(?r reduced. In fact, it a])pears that 
salinity of the Hooghly water near Calcutta on which this 
big city is dependent for its water-supply is showing a 
tendeney to increase during the dry season. The case is 
probably similar or perhaps worse with regard to the tidal 
portion of the other spill channels in Central Bengal as the 
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only source of sweet water for these < hainu>fls is the (ranges 
and from Deeember till June they leniaiii entirely nit off 
from this source excejit the very small supply that is drawn 
l)y percolation through the sandy bed at their offtakes. 

.1(18. But when? free tidal flusliing has been interfered 
with by premature i(*(*hunation of spill arinis by means of 
marginal embankments, the situation lias already become 
•s«*rious at several places In* the delerioration of the tidal 
idiannels and the dithmlties of drainage are boeoniing more 
and more aeiile. As mentioned before, apart from serving 
as carriers of country drainage with which we are all 
familiar, these rivers of Bengal, hotli upland flood carriers 
as also tile tidal ehaiiiiels, perform tlie most important func- 
tion of raising the delta we live in. As owing to the diver- 
sion of the (fanges the upland flood carriers are no longer 
f Uriel ioning in Central Bengal, tidal channels are Ihe only 
agencies now left by which the lower portion of ilengal eonld 
be rais<‘d and made fit for huinan babilalion. Another point 
to be noted is that when the upland Hood (‘airier dies in a 
pai*tieular area, as, for instanei*, in (Vntial Ihnigiil, ihoitgli 
that area sufleis, its beneficent aetivilii‘s are not lost to the 
eonniry; only these are ti'ansfVri(‘d i‘lsewhere. If, however, 
a tidal cliann(»l is obsir*ue.ted, it usually gets choked in its 
own bed witlioui any ebane.e of diversion by avulsion as tlie 
energy I'eiiiiirc'd for the purpose is la(*king, it. not Ireiiig poss- 
ibl<‘ for a tidal eliaiimd to rise al»ove the tide level. Thus 
th.(N eons(^(lueTi(;e of premature reelarnation liy marginal 
(Miibanknients or other obstructions in tidal (‘bannels is that 
th(‘ir b(Mi(‘fieent activities of raising this portion of the delta 
will be lost to the country for ever and tlie land will continue 
to remain low with iiici*easing diflieulti(?s of drainage until 
it becomes unfit for human habitation and reverts to swc'imps 
and jungles. We have instances of tliis almost next door to 
(Jaleutla, vi/., the low areas serv(‘d by the Bidyadhari which, 
owing to earli(‘r r(‘claniaiion of the spill aicas, is now com- 
pletely dead and can no longer serve as a carrier of drainage 
with s(»rious eoii.setiuences to the city of (/abnitta and 
siil)ui-])an areas. The Beali is also fast dying and will pro- 
bably sliaie the same fate as that of the Bidyadhari unless 
stt‘ps arc immediately taken to throw open suflicient spill 
area for this river. 

UHh In fact, provision of spill areas by removal of 
marginal embankment s(cins to be an urgent necessity for 
prolonging the life of these tidal channels. But this is not 
enough, Tf these channels liavo to lie given a xienuanent 
lease of life supply of upland water seems to be an (essential 
requir(‘ment. As this point is not usually understood it seems 
nefrtvssary to (explain the physical characteristics of tidal 
rivers. 

111). The energy which creates the tidal flow, viz., 
attraction of the sun and the moon in tlie deep sea, is very 
limited and is iiiaiifested partly as potential energy, viz., 
rise in tide level, and partly as kinetic (‘iiergy, viz., velocity 
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of flow. The former eaus€?s the tidal flow up tlie rivers and 
the latter dei ermines its power of tians])ortinj>: sill. As the 
velocity of tide when it entiu's tlie mouths of Iht'si* tidal 
rivers is hit»h and as there is a vast reservoir oi nm'oiisoli- 
dated silt in suspension alon^ ihe delta face, the tide, as it 
flows up these rivers, is hiy:lily ehar«:ed with silt. It is 
l^eiiernlly observed that the duration of ebb title in a tidal 
river is inueli lon«’er than that of the flow tide. As the 
same ijiiantity of water musf ebb out as flowed in. it, there- 
fore, follows tliat the av(*ra^e veloeity of “ebb" is less than 
that of the “flow”. Now tlie c*jipaeily of water to transport 
sill d(*pends on its \eloeity. It, therefore, follows that the 
ebb tide is generally unable to transport back fully tin* silt 
that has been (‘arried up these filial rivers by Hie “flow tide”. 
Even t) sliylit deimsition of silt will <*:o on aecuimulat in^ as 
file tides fuiietion I wire daily llirou^liout flie year and tlie 
eliaiinel will be«»in to deteriorate. The deferiorat ion would 
imjiede the proiiaf^afioii of tidal wave whieh would i*ause 
further deterioration ami the vieious eireb* wtiuld ooiiliiiue 
lill the ehaiinel is comjdetely <lead. 

111. It will a])pear from tlu^ above Ibal to maintain the 
lifi‘ of a tidal river what is jieeessary is an additional sin)i>ly 
of wat(M‘ not saturated with silt, i.e., wliiidi lias reserve 
eaiiaeity to pick up more silt, to supplement tlie tidal thiw 
duriri»‘ ebb so as to seour out fully the silt that lias been 
admitted into the river liy the floo<l tide. This (auild lie 
olfee.ted either by the anpjdy of upland water, loeal drainage 
or ])y throwing' the existing* spill area open to the daily ebb 
and flow or liy adding? new spill areas, if possible. The spill 
area is of course an important flushinj^ aj^ent, but it would 
function only for a limited ]>eriod at a j»:raduany diminish. 
ing* rate, till the whole area is raised to hij»’h title level and 
its stora«:e capacity is reduced to nil. The loeal dTainai*e 
would alst) he very helpful, specially when crops are standing 
on the fields, as the water would be practically silt-free. 
Hut this aj^eiit can fuiiciitm only duriiif^ the rains and for 7 
monllis (November to May) no material etmiribulioii can be 
expected from local drainage, liowever large the drainage 
area may be, to help in ihe fliisliiiig of the river during ebb. 
The third agent, viz., upland water, is certainly the most 
important and if it were possible to arrange for its supply 
perennially, so as to flush the river even during the dry 
season, there is no reason Avhy a tidal river should not live 
and continue her benefleent aetivities for cjver. 

Improvement of the spill ehanneLs of Central 
Heiigal and diversion through them of a portion of the (xanges 
flood thus appear to he necessary even in the interest of the 
tidal portion of (huitral Hcngal as this water, after spilling 
over the land and depositing the silt content, will have to 
pass through these tidal channels for disposal into the sea. 
With the help of a copious supply of sweet water, it will be 
possible not only to maintain these tidal channels permanently 
hut also to push down the salt water limit and extend culti- 
vation more and more towards the sea-face even without 
embankments as is the practice in Eastern Bengal. As I 
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mentioned before while leeturingf on the inter-provincial 
aspect of onr river problems, forces are, however, at w'ork 
tending; to diminish the dry weather flow of the (lanjres 
which is so vitally necessary for the preservation of these 
tidal channels in Central ]leiig:al. Mere improvement of the 
spill channels w’ill not, therefore, he sufficient unless these 
for(*es or the harmful acta of man within the catchment basin 
can he controlled hy an inter-provincial org-anizaiioii, such 
as the (iang:es Kiver Commission, as I have Rug:g:ested. 

ll»l. In recent years the llidyadliari river has Ixjen very 
much in the public eye owing; to the increasing: difficulty that 
is Ijeiiig* experienced in disposing of the drainage from 
Calcutia through this outfall. 1, therefore, jiropost* to take 
up this river as a typical representative of this gi’oup and 
briefly review its life history to illustrate the points dis- 
cussed ahov(^ 

114. As mentioned before while dealing wuth the primary 
delta-huilders of Group 1, l)efore the diversion of tlje Ganges 
flood through the Padma, the Jamuna constituted one of the 
main branches of the Ganges taking off at Tril)eni through 
wdiich this flood used to flow^ down to the sea. In fact, 
hefw-eeii the Ifhairah and its hranehes to the t^asi and the 
llooghly river to the Avest, the Jamuna was perhaps the 
most important delta-builder in those days and largely con- 
tributed to the raising of this portion of ihu Sunderbans. 
The Ifidyadhari was an important spill <diannel of the 
Jamuna and to her was allotted the tusk of raising the delta 
just to the east of the areas near about Calcutta. Channels 
connecting the Hidyadhari wilh the Jamuna in the olden 
days (Nowi Sunti and Nonagong) can still he traced reaching 
within a few miles of the present abandoned course of the 
JaTnuna. 

115. But the most indisputable evidence that the Bidya- 
dliari used to nu'eive a considerable supply of u])land floods 
is given hy the width between high banks of wdiat is now 
called Bidyadhari khal just above Bhangore canal. Tn fact, 
T was surprised to find such high natural hanks in the midst 
of Avhat was knowMi to be jiurely tidal area when T inspected 
the khal in 19f‘13 and had several cross-sections taken to asi^er- 
tain wild her lliey w ere really above the high tide level as 
that would proA^e i-oiiclusively that the Bidyadhari used to 
receh^e upland floods. As the cross-sections show that these 
hanks are much above the high tide level even of the present 
day (which must he considerably higher than when the 
river was allowed to spill freely over the hanks), they could 
not have been built up by the tidal silt but must have been 
raised hy the silt carried hy the upland water. Having 
regard to the (haracteristics of delta-builders of Avhich the 
banks slope aAvay from the riA^er edge, the width between the 
crests of these high hanks, therefore, gives a rough measure 
as to the extent of upland flood supjily in the olden days and 
judged by this standard it must have been considerable. 

A^/?. — The wudth varies from 350 feet to 900 feet, the 
average being 660 feet and the level of the bank from 10;21 



to 16-66, the average beinf? 12*57 within a lenjyth of about 
.10 miles above Bhanj?ore eanal. As i-oiiipared with tliis, tlie 
hipfhest tide level recorded at Bamanf»:hata on the Bidyadhari 
which is progressively rising:, was 10 vW and averajre high 
water 8-8 in 1082. At ITaroa (a short distance above the 
length considered) the H.II.W. and averagre 11. W. level in 
1982 were 11-0 ami 8-75 respectively. 

A'./l. — All levels referred to O.M.S.L. or P.W.I). datum. 

116. I would particularly emphasise the iniportac.ee of 
this method of reconstruction of the life histor^'^ of deltaic 
rivers by means of cross-sections. After com])letioii of ilie 
contour survey of Central Bengal, we shall have a lot of data 
to help us iti this dire<*tion. For instan<‘e, from cross-s«‘ctions 
of the country round about the Saraswati 1 found that this 
river, w'hic.h now^ looks like a gutter, was originally a big 
river thus corroborating the view that the Saraswati was a 
branch of the main Ganges as there is no other delta-builder 
on this side of the i ountry which could throw oft' a branch of 
this size. 

117. By similar evidence left hy Nature it was also 
found that the Kultigong which now* constitutes the outfall 
of tilt* Nown, Sunti and Nonagong, formerly feeders of the 
Bidyadhari, probably oj)ened up much later than the Bidya- 
dhari. Tn any case it was originally a channel of minor 
importance as compared with the Bidyadhari. Measured 
from the present outfall of the Nonagong into the llaroa- 
gong (the connecting channel between the Kulii and the 
Bidyadhari) high hanks iinich above the high tide level 
extend only a little over 6 miles along the Kulti route, while 
along the Bidyadhari they extend at least 14 miles. 1 have 
discussed those points at length in my oflicial report on tlie 
“Bidyadhari llestoration Scheme’ \ The couchisioii that T 
arrived at after a critical analysis of all the available evid- 
ences may he summarized as follows. 

118. So long as the Jainuna remained active, the 
Bidyadhari used to get a considerable supx)ly of njjland 
water (including a portion of the dry weather flow (»f the 
Ganges), not only the flood carried by the Nowi and Sunti 
but also at least the major portion of the flood carricid hy the 
Nonagong. Deterioration of the Jamuna probably set in 
soon after the diversion of the main volume of the (langes 
flood towards the end of the 15th Century or early in the 
I6th Century. Bui it seems probable that it still eontiniied 
to receive, at least during the rains, a sliare of the Dainodar 
flood which had one of its outfalls into the Hooglily near 
Kalna till ICGO and near Noaserai till about the middle 
of the 18th Century, both the xdaces being above the offtake 
of the Jamuna at Tribeiii. Diversion of the Damodar 
througli its present channel with its outfall below Uluberia 
on the latter date finally sealed the fate of the Jamuna 
which, together with the spill channels, began to deteriorate 
rapidly. 
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110. Deprived of the upland water supply l^idyadhari 
was tlieii thrown entirely cm her other resources, viz., local 
drainage and spill area, to prolong* li(»r life as Icmo- as she 
could. At this stage another characteristic, peculiar to tidal 
rivers can-ying a large ])Toportion of silt, hastened her decay. 
The Kultigong, the next parallel tidal channel to the cmst, 
had already opened up and by means of the connectting 
channel, now known as the Ilaroagong, provided a meeting 
ground for tides coming up both this river and the Ridya- 
dhari. Owing to check in velocity there is always heavy 
deposilinn of silt at tidal meeting ground ; hut so long as these 
rivers received a plentiful sup])ly of upland floods, this silt 
could he cleaned hy fliisliing during floods. 'Rut after stop- 
page of this supply, this silt, deposited as a result of the 
meeting of the tid(\s, hecaune a grave nmnacc^ to ilie ])reserva- 
tioii (»f both the channels. Nature had thus to sacriflce one 
foj* tile prc^servatioii of the other. It seems to Jiie that by 
this time the Kultigoiig, which was originally discharging 
into the Malla through Kumorjolgong, had her prc^sent out- 
fall into Ihe Royinangal estuary definitely established. Now 
thi* Royjuangal is one of the deepc‘sl <»stiiaiies in the delta 
and the eonditicms for the ])ropagalion of tidal wave being 
more favourable, the stronger tide up Ihe Kultigoiig could 
travel highcu* and higher up the eonneediug channel (Haroa- 
gong), thus shifting the tidal meeting ground more and more 
down the Ridyadbari. The Nonagong, the Suuti and the 
Nowi, which originally used to fec^l the Ridyadbari, were 
thus gradually absorbed by the Kultigoiig for her own sus- 
tenancfe. Ry robbing tlic Bidyadhari of the drainage and 
spill an*as of tlu‘.se feeders, the Kultigoiig thus bc'gau to 
develop at the expense of the Bidyadhari and the latter river 
d etc rior a ted ra piflly . 

Rut though the fate cd' the Bidyadhari as a i)(*rma- 
iient cliaiintd was thus .sealed, the existence of large spill 
area in the salt laio's should have made it possible for her to 
fiiiictinn as an outfall for the drainage from Calcutta and 
the iH*iylil)om ing areas for a min-li longer i>eriod but for the 
acts of man. The .salt lakes, even after reclamation along 
the honlers, now measure about on s([uarc miles and, it seems 
to me, define the boundary between the area built up from 
Ihe north by the upland floods and that from the south by 
the tides carried up the Bidyadliari and the Peali. Even 
after the stoppage of upland floods it should have been 
possible for Nature to raise this area by tidal deposit instead 
of leaving it as a nuisance so close to the city, but for human 
interference. 

121. The first interference was the premature reclama- 
tion of the land on eitlier bank of the Matla and the Bidya- 
dhari by means of marginal embankments towards the 
middle of the last century. This w'as one of the earliest 
areas to be reclaimed and cousequently both the channels 
began to deteriorate with progressive rise in tide level or 
what may be called “heaping up of tides”. At Port Can- 
ning (Bidyadhari outfall into the Matla) the highest high 
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water level lias risen from 6*28 in 18G5 to 12 *83 in 1930 
(O.M.S.L. flatiiiii). At Dliapjia the ordinary high water 
level in 1830, as it is gathered from old records, was 1 *5 in 
tile dry season and 3*5 in the rains. The high water level 
was 9*41 in 1926. At Bamanghata on the Bidyadhari, the 
higliest high water level has risen from 9*1 in 1894 to 11 *00 
in 1920. Jt will he of no use referring to the It'vel at Dhappa 
and Bamanghata in recent years as tidal flow is ])ractically 
non-existent and the level is really ruled hy the dis(*harge of 
(■alcutia drainage. It may only he added that the jiiesent 
level is eonsidcuahly higher and the Bidyadhari which 
hitherto used to drain (hileutta, is now trying to drown the 
city with the sewage and we are trying to prevent the 
catastrophe hy means of flood emhankinents proposed to be 
(‘onstructed along ihe eastern boundary. 

122. Now this “heainng up of tides’' which oceans when Significancso of 
tidal wave is unable to dissijiale itself over spill area, is “heajjing up of 
anothitr (diaract eristic of tidal rivers, and when‘ tides carry * explained, 
a large jiroportion ot silt as in Bengal, it causes deterioration 

of the channel liy the dropping of sill. The explanation is 
probably as follows: “Heaping up” of tidal flow really 
means gain in potential energy. But as the sum total of the 
energy which generates this flow, viz., tidal impulse ereated 
in the deep sea hy the atlraction of the sun and the moon, 
etc., is constant during each tide, (his gain in potential 
energy must be atteml(‘d with a corresponding loss in its 
kinetic energy; or in otlmr words the flood tide can only rise 
in level at the expense ot its velocity. Now the silt carrying 
eapaeity ot the How being proportional with its velocity, it 
follows that as soon as “heaping up” occurs, a porlion of 
the silt brought up by the tides, in excess of wliat the reduced 
velocity can carry, drops on the bed, thereby further imped- 
ing the tidal wave and accelerating the deterioration of the 
channel in a vicious circh^ This phenomenon of the “beagl- 
ing up of tides” is going on more or Jess in almosl all the 
tidal rivers, wdiere spill area has i'een unduly curtailed and 
really constitutes tbe jindimiiuiry warning «)f deterioration. 

In the Bidyadhari and at the head of the Matla Estuary, 
the “heajiing up of the lides” is probably the WMirst as their 
spill areas have been the earliest to he reclaimed. It is less 
and less as w-e move towards the eastern parts of the delta. 

123. The second stage of human interference w^as the 
discharge of the Oalcutta sew^age into the Bidyadhari. While 
the liquid content has probably been helpful specially 
during the dry season, the solid matter has certainly been 
harmful specially by forming a gelatinous coating over 
the channel bed and slope which the ebb flow^ finds it diffi- 
cult to scour. The large number of fisheries in the salt 
lakes and other low areas by preventing free tidal spill also 
contributed to the deterioration of the Bidyadhari. Finally 
the Kristopur canal (excavated in 1910) by cutting off a good 
portion of the salt lake spill area (Ohuni Jatragatchi — about 
18 square miles) and interfering with the natural drainage 
from the north accelerated the death of the Bidyadhari. 
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124. Attempts were made to revive the Bidyadhari both 
by acquiring spill area (about square miles which was 
found 1() be rather much too small) and also by dredging at 
a heavy cost. But opposing forces were found to be much 
loo strong and the Bidyadhari continued to deteriorate. She 
is now absolutely dead without any chance of revival and 
it would he interesting to note the rapid rate of deterioration 
from the following figures: — 

1883. 1904. 1936. 

Lowest lied level near Bamanghata refer- 
red to O.M.S.L. or P.W.D. datum .. -68 09 -29-71 6-76 

N JL — Present l)ed is even higher than the country level 
on eiilier side. 


1894. 

1916. 

1917. 

1926. 

1932. 1936. 

L. L. water level at 
Baniaughata .. —4*9 

0 

+ 0*17 

+2*6 

+6*92 +11*06 




1926. 

1936. 




Sq. ft. 

Sq. ft. 

Cross sectional^aroa atV^Baxnanghata 
R.L. 9*75 

below 

2,440 

363 


125. All attempts at the restoration of the Bidyadhari 
have now been rightly abandoned and the Calcutta Corpora- 
tion are dredging an independent outfall into the Kultigong. 
As the proposal lias received the approval of Goverjiment 
and the work is in progress, I refrain from making any 
comments. Nor would such comments be really appropriate 
on (his occasion as I am only dealing wilh the river problems 
in general and not aiming at finding a solution to any specific 
local iiroblom like the drainage problem near about Calcutta, 
whicli is sufficiently important and complex to form the 
subject of a special paper, I wdsh only to add in this con- 
nection that the Peali, a branch of the Bidyadhari, is also 
fast deteriorating and will soon share the same fate wuth 
the Bidyadhari. Immediate steps are, therefore, necessary 
to prolong (he. life of this river. After the death of the 
Bidyadhari, the Peali is now the only channel left to dispose 
of drainage from a large portion of 24-Parganas district 
and constitutes the outfall of several drainage schemes 
constructed by Government at heavy cost. The death of 
the Peali will not only mean loss of this capital but due to 
consequent water-logging the area affected will gradually 
revert to swamps and jungles from which it was prematurely 
reclaimed by the acts of man. 


River problems with reference to navigation. 

12C. I have dealt with the river problems in Bengal so 
far as they have arisen in respect of the beneficent activities 
of the rivers in draining and fertilizing the land which they 
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have created. I now refer to another aspect of tlie river 
problems in respect of the valuable services which tlie rivers 
are rendering to the country in the matter of carrying flie 
produce by cheap water route. Together with the tidal 
portion of Central Bengal, Eastern Bengal j)osses.ses very 
important natural resources in her njivigfjble channels, value 
of which in promoting trade and iiroviding facilities for 
cheap communication can hardly be exaggerated. We have 
first the principal highways, viz., the Ganges, the Brahma- 
putni and the Meglimi, providing water comiiiunicalions 
with the neighbouring provinces of Bihar and Assam, 'riien 
we have the networks of fecjder channels cf)rinccting these 
main waterways with the trade centres including Calcutta, 
one of the im])ortant. ports in the world. Again in Eastern 
Bengal which is inundated by the floods of these rivers, it 
is possible during the monsoon to carry goods by water 
practically from every village to the nearest feeder channel 
and from there to one of the principal highways for transport 
to the several trade centres. This is perliajjs unique in the 
history of the world for though there are other countries 
possessing natural waterways I do not know of any, where 
the system of internal boat communication has lieen s(» 
thoroughly planned by Nature as in ibese parts. A])art 
from its value to trade it is also providing employineuls to 
buiidreds of thousands of people, importaiire of whicli in a 
province like Bengal where the pressure of population is 
already being felt, can hardly be exaggerated. 


127. The importance of conserving and improving, 
where possible, this valued gift of Nature is, therefore, 
obvious. But tlie problem of their conservancy is mainly 
inter-provincial in character and can only he tackled with 
the co-operation of the upper provinces and States by an 
inter-provincial organization like the Ganges lliver Comujis- 
sion, constitution of which I have already advocated while 
dealing with the inter-provincial aspect of our river ])roblems. 
For purposes of navigation an ideal channol would be one 
which would carry more or less about the same flow through- 
out the year and year after year, with silt content limited 
to what its velocity could transport, so that tliere may be 
sufficient depth of water for navigation and formation of 
shoals may be avoided. Such an ideal channel is not how- 
ever found in nature, specially, in tropical countries wliere 
the heavy rainfall during the few monsoon months followed 
by dry weather during the rest of the year, requires for the 
accommodation of the heavy runoff, a channel many times 
the size which would be required, if the rainfall were nK)re 
evenly distributed. The size of the channel is in fact deter- 
mined by the volume of normal high floods and as it often 
has to carry smaller^ floods the velocity drops leading to ilie 
formation of shoals which are the main obstacle to naviga- 
tion, specially, during the dry season when the river level 
drops by 20 to 25 feet in our principal highways. 
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128. Apart from these vagaries of nature over which we 
can have no control there are controllable factors in opera- 
tion created by the harmful acts of man within the caich- 
ment basin and in the river channels as I have already ex- 
plained, which are accentuating these inequalities in the 
distribution of flow tending further to diminish the dry 
w^eather flow" and to increase the silt content of the flood 
leading to the formation of more shoals and greater diffi- 
culties in navigation. Indeed according to local tradition 
some of the western lieiigal rivers, which are now classed 
as torrential and are not navigable oven during the rains, 
used to he navigable for a considerable length inland in the 
olden age. ( •onstitiitioii of Inter-provincial liiver Commis- 
sions with suflicient authority and resources to be able to 
control these liarniful acts of man therefore appears to me 
to be an urgent necessity as otherwise even our principal 
highways like the Ganges and the Jamuna may cease to be 
navigable in course of time. This is the most important 
measure that I could suggest for a solution of our navigation 
jiroblein which is already growling rather acute in parts of 
Bengal. 

125). lieferring to its provincial aspect the main problem 
w’hich we have to face at present in the matter of improving 
facilities for communication by water is with regard to the 
feeder channels connecting these principal highw'ays, 
specially w'ilh Calcutta. In tho olden days, when the 
Bliagirathi w'as in better condition, Calcutta was of course 
directly connected by water w^ith the Ganges. Later as 
navigation through the Bliagirathi became more and more 
difficult the Jalangi and the Matliahhanga were being 
utilized for the purpose. In those days steamers w"ere of 
course unknow^n and navigation even by boats was difficult 
during the dry months as can be gathered from the old 
records. It appears that even till about the middle of the 
last century there w^as considerable activity in connection 
with attempts made to maintain the Mathabhanga as a 
feeder route to Calcutta from the Ganges. 

N Ji . — The Churni connecting tho Mathabhanga with the 
Hooglily appears to have been an artificial cut made in the 
interest of navigation. 

Most of the suppply drawn from the Ganges by the 
Mathabhanga offtake was in those days escaping into the 
Kumar and steps were taken to prevent this by artificial 
action. It also appears that in 1860 and 1861 five chord 
cuts were made across some of the bad loops of the Matha- 
hhanga thereby shortening the river by 21 miles and making 
its fall equal to that of the Kumar. 

130. But these attempts did not prove very successful 
and more and more attention was paid in improving the boat 
route through the Sundarhans. Construction of Calcutta 
canals, including the Chitpur lock, was taken up early in 
I9th century and the canal route was gradually improved by 
the construction of new cut canal in 1859, Dhappa, Baman- 
ghata and Kulti locks in 1895 and, lastly, the Kristopur 
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1910. Bui this canal route was intended for boats. 
When steamers were introduced later, tJie.v used to enter 

Bidyadhari through tlie Tolly\s Nalla (excavated in 
ImO) and take the Sundarban route via Port (.’aniiiiig and 
Mtiila. Owing to the deterioration of tlie Bidyadhari and 
the Matla the steamer route is being gradually shifted 
more and more towards the sea -face. Here again Nature has 
helped us by providing cross connections between outfalls 
of primary delta builders (estuaries), usually flowing north 
to south. But for these cross connections navigation from 
Calcutta to the (langes would have been difficult by steamers 
and probably impossible by boats, as they would have to 
pass out into the sea to get into the next north-to-south 
channel and so on. In fact our main problem at ])resent in 
respect of navigable Avaterways is with regard to the main- 
tenance of these cross connections; though the maintenance 
of the north-to-soutli channels is also proving to be more 
and more difficult and will be impossible ultimately, as these 
channels, in the absence of upland water supply and with 
spill areas prematurely reclaimed, continue to deteriorate as 
experienced in the case of the Bidyadhari and the Matla. 

1?11. The existence of tliese cross channels is probably 
atlribuiable to the fnnnel shape of the Bay of Bengal, the 
deepest sea being in middle ending in the “Swatch of no 
ground” more or less in a line Avith the centre of the delta 
and shallower and shallower sea running along the coast 
lines to the east and Avest. Owing to more favourable condi- 
tion uA^ailable for the propagation of the tidal wave [ilong the 
deeper or central portion of tlie Bay, the tide makes first at 
the head of “SAA'utch of no grouncl” and travels along tlie 
delta face, one branch running to the west and another to 
tlie east. For this reason as also due to tlie irregular 
exiensioii of the delta as pointed out above, the tides do not 
make absolutely at tlie same time at different points in the 
same latitude along the della face, thus giA-ing rise to cross 
currents between the deeper channels just below the outfalls 
of contiguous north to south della builders. As pointed out 
by Major Hirst (Report on Nadia Rivers, 1915), the delta, 
in consequence, has not iirobably extended continuously but 
ill the shape of islands between Iwo contiguous outfalls, 
loaAUiig a cross channel betAA^een the island and the main- 
land. So long as the difference in fhe time of arrival of the 
lide at either end was such as to prevent the formation of 
tidal meeting ground within the cross channel it remained. 
But where owing to irregular extension of the island at its 
outer face, due probably to one delta builder being more 
active than the other, this difi'erence was altered so as to 
provide tidal meeting ground within the cross channel, it 
closed up joining Ihe island with the mainland. In this way 
many of the cross channels have now disappeared throwing 
the steamer route more and more to the sea-face. The 
gradual rise of the tide level with tendency to drop larger 
and larger proportion of tlie silt content has also helped in 
this process. 
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it lias lieeii statei] before that along with the 
iinproveiiient of the rivers in Central Uengal in their upper 
reaches and <Iiversiori ibroiigh tliciii of a portion of the 
(iaiiges hood, their tidal readies will also automatically 
iinpiovc' and with the eo])ious supply of upland water thus 
available a solnlinii will be found to maintain these tidal 
dianneJs on a perinaiaMit basis which is so vitally necessary 
in tlie interest of inland navigation in Bengal. 

I'h‘1. In this connection it may be mentioned that to 
sJiortcii the dista ice by water between Calcutta and the 
(ian^es (he Mada ^ ir Bill Jtoiite was opened early in the 
present century. As the iianio indicates it was a passage 
about 20 miles long cut through a series of bils connecting 
the Madluimati at JJanikdab with the Kumar river at 
Falehpur and ilirongb that river and the Aria] Khan with the 
Ganges. The scheme was highly successful as the spill of 
the Ganges and the Madhumaii after depositing the silt on 
(he hils and the countryside lying to the north and west of 
these chaimels was sullicient to give tliem a thorough flush- 
ing and tlioy wore more or loss self-maintain g. This route 
practically moiuipolized the w-hole volume of w^ater-borne 
irailic hci\v(M*n Calcutta and Bihar and upper Assam and 
apart from immense lieiidit to trade, it was also yielding 
decent revenue to Government. But to meet the demand 
of the growing heavy tralMc it was considered necessary to 
widen the bil route wbicli, in consecjuence, began to draw 
more and more of the available spill suy)])ly at the expense 
of the Kumar which, for want of sufficient nourishment, is 
now being starved to d(*atli and navigation is no longer 
possible during the dry montlis. It is a highly complicated 
subject and cannot be ])roj)orly dealt with in a short note. 
But 1 mention it just to indicate that in this case also we 
have got tlie requisite iiatinal resources in the large volume 
of flood wuiter now running to waste in the Ganges and the 
Madhumaii and the proldem is one of diverting a portion to 
feed the Kumar which is starving to death for want of 
adecjuate supply. 

1M4. AVhile dealing with is subject of communication, 

I may be jiermit ted to sound a note of w'arning specially to 
those who live in areas which are still being favoured by 
Nature in the shape of annual 'lood flushing. We hear talk 
of extension of railways in tliese parts, for instance railroad 
to Barisal, tr) Madaripur and l)etween Wacoa and Aricha, 
etc. Improvements of facilities for communications are 
certainly necessary as these are vital factors in the cultural 
and economic uplift of a nation. But railroads in these parts 
have to be carried on high embankments, materially inter- 
fering w’itb the flusliing arrangement devised by Nature. 
We should not, therefore, repeat the mistakes as made in 
(be case of Western Bengal and instead of embanked roads 
or raihvays, our policy in future should rather be to meet 
the demand for conimunicaiion in these parts by improving 
the existing waterways and making new waterw^ays where 
none exists at present. 
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River problems with reference to erosion. 


135. Another problem that 1 woiilil like In iiiontion 
before 1 conclude is what is bein;^* created, .special .\ . bv ihe 
primary delta-builders of Group 1, in Eastern ainl Northern 
llengal, by rapidly eroding- their banks. The j)roblem is to 
a certain extent inherent in the conditions of How of deltaic 
rivers, but it is heiiif.*- a{^p:ravatcMl by the controllable factors 
in operation, crealed ail ificially by the acts of man, lendiiif^ 
further to increase tlio intensity of floods, as 1. have already 
exidained while dealing' with the inter-]>rovincial asjiect of 
our river problems and by the natural tendency to concen- 
trate all available flow into the two ])rincipal rivers — the 
Ganges and the Jamuna. lies uscilat ion of the rivers in 
Central and Northern Jlengai, so as to enable them to carry 
their due share of flood water, will no doubt make the jiosi- 
tion somewliat easier, but the erosion will still continue to 
remain a problem as the soil through which these rivers flow 
is extremely friable. Special study in a hiboralory may 
perhaps reveal some cheap method of river conservancy by 
which this problem can be satisfactorily .solved, lint the 
method of direct action, viz., jirotection of ihe eroding bank 
by brick mattress, etc., that is now followed, is so very 
costly that it can hardly be ad(»pted except for protection of 
important towns. 

13G. It will be seen from the above that tlie all iin])ortant 
factor which dominates the river jiroblems in Jlengal is the 
large proportion of silt, carried by the floods. It is (he silt 
wliich has created the land and niatle it habit able* by raising 
it through centuries. It is the silt again which is fertilis- 
ing the land and where ihe process is still operating Ihe 
country is so healthy and jirosperous and where it has ceaseil 
to function, the country is progressively deteriorating in 
health and productivity of ihe soil. Bui though the silt has 
proved to be sucb a beneficial gift of Nature this very factor 
has given rise to most of our river problems that we find 
to-day. It is tlie silt which, by deteriorating the old river 
channels has forced their ilivorsions tlirongh lower areas 
which, though beneficial to the latter, have been so liarmful 
to the area served by tlie former as we have seen in case of 
Central and Northern Bengal. It is the silt which, hy rais- 
ing the beds and coiiseciuenlly the flood levels of embanked 
rivers, has created problems highly comph»x ami unique in 
character, as we liave seen in ihe case of the rivers of Western 
Bengal, specially the Damodar. It is the silt which has 
killed many of the tidal rivers in (^entral Bengal and 
threaten to kill the rest with disastrous consequence to the 
interests of navigation and drainage unless we can reinforce 
the ebb flow in her struggle against the silt brought iu liy 
the flood tides. It is the silt again, which is killing the 
cross channels so valuable in the interests of navigation, 
which, like a thoughtful mother. Nature left between north- 
to-sgnth channels for the benefit of Bengal in the process 
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of extending the delta. Silt, in short, is one of our greatest 
benefactors and, in some respects, also a malefactor and we 
ought to make the closest study of ibis all important factor. 
UTifortumitely, we possess very little information on the 
subject beyond the goiieral knowledge as indicated above. 
What is required is a Itesearch Officer with a fully equipped 
laboratory to study this and other questions amenable to 
laboratory treafnient, thoroughly and scientifically, to guide 
us ill our effort to solve the rather complicated river prob- 
lems in Ilengiil. Many of these problems are rather unique 
without any parallel. Practices followed elsewhere will not, 
therefore, help us much, but we have to find a solution our- 
selves by long and concentrated study of the local conditions. 


B. a. PreaiH-1941-42— ^1162F— 250. 
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